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I have the honor to herewith submit the Twenty-fifth Annual 
Report of the Director and Board of Control of the New York 
Agricultural Experiment Station at Geneva, N. Y., in pursuance 
of the provisions of the Agricultural Law. 

I am, respectfully yours, kare 
CHARLES A. WIETING, 


Commissioner of Agriculture. 
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NEW YORK AGRICULTURAL EXPERIMENT STATION. 
GENEVA, N. Y., January 1, 1907. 
Hon. CHARLES A. WIETING, Commissioner of Agriculture, Albany, 
ie Y.: 

Dear Sir—I have the honor to transmit herewith the report 
of the Director of the New York Agricultural Experiment Station 
for the year 1906, in accordance with the provisions of chapter 
439, Laws of 1904. 

Yours respectfully, 
S. H. HAMMOND, 


President, Board of Control. 





1900. 
ORGANIZATION OF THE STATION. 


BOARD OF CONTROL. 


Governor FRANK W. Hicarns, Albany. 
Commissioner CHARLES A. WietTING, Albany. 
STEPHEN H. Hammonp, Geneva. 

LymMAN P. Havi.anp, Camden. 

Epcar G. Dusensury, Portville. 

Tuomas B. Witson, Halls Corners. 

Miro H.< Orn, Perry. 


IrviInG Rouse, Rochester. 
A.Frep G. Lewis, Geneva. 


ODRIGHR = Ole CHES BOARD, 


STEPHEN H. HAmmonpn, 
President. 


WILLIAM O’HANLON, 


Secretary and Treasurer. 


EXECUTIVE: COMMIELELER. 


STEPHEN H. HAMMOND, 


Lyman P. HAVILAND, 


THOMAS B. WILSON. 


STATION STAFF. 
WHITMAN H. Jorpan, Se. D., Director. 


Gerorce W. CHURCHILL, 
Agriculturist and Superintendent 
of Labor. 
WILLIAM P. WHEELER, 
First Assistant (Animal In- 
dustry). 
Frep C. STEwart, M. S., 
Botanist. 
*Harry J. Eusrace, B. S., 
7H. Tarsot FRENCH, B. S., 
Assistant Botanists. 
Pes lV AN. OLYKE, Phe'D;, 
Chemist. 
*Epwin B. Hart, 
Associate Chemist. 


Ernest L. Baker, B. S., 
ALFRED W. BoswortH, B. S., 
“WILLIAM E. TortincuaM, B. S., 
ARTHUR W. C3ark, B. S., 
“ANTON R. Rosg, B. S., 
Assistant Chemists. 
Harry A. Harpine, M. S., 
Bacteriologist. 
Martin J. Prucua, Ph.B., 
*JAMEs Wisco, B. S., 
Assistant Bacteriologists. 





*Resigned November 1, 1906. 
. 7Appointed July 16, 1906. 
*Resigned October 1, 1906. 
*Resigned September 15, 1906. 
*Appointed February 1, 1906. 
“Appointed July 15, 1906. 


GrorceE A. SMITH, 
Dairy Expert. 
PRA RG ls EL AGI Doo., 
Editor and Librarian. 
PERcIVAL J. Parrott, M. A.; 
Entomologist. 
Harotp E. Hopcxrns, B. S., 
“WILLIAM J. SCHOENE, B. Agr., 
Assistant Entomologists. 
Utysses P. Hepricx, M. S., 
Horticulturist. 
NATHANIEL O. Bootu, B. Agr., 
*RicHarp WELLINGTON, B. S., 
Assistant Horticulturists. 
Orrin M. Taytior, 
Foreman in Horticulture. 
°F. Atwoop Srrrine, M. S., 
Special Agent. 
FRANK E. Newton, 
JENNIE TERWILLIGER, 
* GrorcE A. MENARD, 
™ WILLARD F. PaTtcHIN, 
Stenographers. 
Apvin H. Horton, 
Computer and Mailing Clerk. 
Jutta A. Hoey, 
Junior Clerk. 


“Appointed July 7, 1906; previously 
Student Assistant in Entonclogy. 

“Appointed July 15, 1906. 

*Riverhead, N. Y. 

“Appointed June 1, 1906; resigned 
September 15, 1906. 

“ Appointed November 22, 1906. 
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‘Twenty-FirtH ANNUAL REPORT 


OF THE 


Board of Control of the New York Aoricultural 
Experiment Station. 


TREASURER’S REPORT. 


GENEVA, N. Y., October 1, 1906. 
To the Board of Control of the New Vork Agricultural Experiment 
Station: 
As Treasurer of the Board of Control, I respectfully submit the 
following report for the fiscal year ending September 30, 1906: 


MAINTENANCE FUND—NECESSARY EXPENSE. 


Receipts. 

1905. APPROPRIATION 1905-1900. Dr. 
Oct. Reba balance OU. ands oy ek es tae ie ek a $20 00 
Amount received from Comptroller.... 15,000 0O 
$15,020 00. 

Expenditures. Cr. 
Dysniildinp and Tepaitswe mie ohh. $138 13 
BVEcueniical SUppliesiema a weiss hn cee 259 18 
byeconiiicent ¢xpensces. seer. 1 oh es 2,222 07 
ES VaRLCCCIIIOS SUL Sameera we Pyare tc e¥e ce 781 47 
PSVMPCLUUIZCTG 2 oe emer pe Ce Le cas 234 94 


Ip yertreiouty Angdvexprecsyn wad sor shoes 208 68 


REPORT OF THE TREASURER OF THE 


By, turniture and fixtures: i ae sees $1,224 21 
By heat, lichteand waterageees see Fite 
By? library ase... :). . ee eee 1,092 50 
By vlivesstocka ye... 2.42 eee eee 332 00 
By ‘postage andestationery-saae ec eee oto sia 
By* pubheations ies: +s. eee 2,029 03 
Bysscientiiicwapparatus .\.< eee 35 58 
By seeds, plants, and sundry supplies. . 1,894 22 
By tools, implements, and machinery... 471 60 
By itraveline-expenses =), . <2 ave 1,867 II 
BalanceHMctoner in gelOOGs. 20a oe O4 

$15,020 00 





GENERAL EXPENSES—HEat, LIGHT, WATER, APPARATUS, 


1905. 
Oct. 


To 


REPAIRS, ETc. 








Receipts. DF 
. ‘Losamount, on lands Ge., eee ees $44 51 
amount received from Comptroller. 4,000 OO 
$4,044 51 

Expenditures. Gr 
By ibuiudinessandeserairs..., 1. ee $1,035 56 
By chemicalasippiese se: cuore eee 18 00 
By ‘contingentcexpenses “2, tu eee ATS Pa5 
By) furniture and tixtircsae a eee 189 44 
By ‘héeatidisht and watenze so < ee 2.35407 
By “scieniificnappatatusee. ee Avs se ose 64 45 
By seeds, plants, and sundry supplies. . rp ris 
By tools, implements, and machinery. . I go 
Balance: Octobérey, 10007.csr amore 44 51 


$4,044 51 





1905. 


Oct. 


1905. 


Oct. 
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SPECIAL FUND—HORTICULTURAL INVESTIGATIONS. 


Receipts, 1905-1906. 
Vee Da aTCey OL ANAC Une x wate aly arts alee te 
To amount received from Comptroller. 


Expenditures. 
Meee STL COMES LISP LLCS oa, yee ol ce a er sg 
PyEcOuTNPeIIVeXDetisese sa. a. es cy tat 
Deo eltiicchomec tint tre Men ans 
ive rele i ate CST CSSw ee as. Seer h. 5 
BY VGstave and Statonery, «,.<.s ees = 
ier pYihataTers Ung ete Noah tee nemae eebesacmad an ai 
eae Ra ee a igs repat ea eee, Gee = 
aN SECM AD DATATUS! “y's slereta ts 
By seeds, plants, and sundry supplies. . 
By tools, implements, and machinery... 
Drea VeHNUP ee peliscety sre: sons + e+ « 


balance etoper 1s. TOOK. caw eh. 


FERTILIZER [NSPECTION. 


Recetpts. 
eM OMA er OMSIATIC SUN aiein wet ee toe 
igs baaice etal Treasury. amie. 2 v. 
To amount received from Comptroller. 


Expenditures. 
Bye chemicadissiinpltesewerten cs se ok. as. 
By contingent expensests;..: 342. 2.52% 
Ese POCO Os SUI Sh Memes ye Gist ls ee 
PO VeIroip iran iex pLescemear sn. et fo: 
Dyeneaty tont anew aters cis. s eee « 
PSR NOL ALY bn eatte ek mee ett. ten 


Dr. 
$6 22 
8,000 OO 


$8,006 22 


SS ES a eae | 


Ce 
$0 IO 
1,036 95 
37 00 
20 04 
18 70 
419 63 
5,632 39 
Il 45 
118 95 
Io 53 
482 QI 
217952 


$8,006 22 


[gre 
$1,805 90 
3,000 00 
9,000 00 


$13,805 90 
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By postage and stationery............ $26 70 
By (publicationsiea).’. .) ventana: [,040 44 
By ‘Salaries yin, vie... ee 0,879 30 
By seeds, plants, and sundry supplies. . I 40 
By traveling expenses BP Ac AAA 132330 
Balance sOctobere1 73 1000..., .)n.. mien | 2,916 19 

$13,805 90 


(Four thousand dollars with N. Y. State Treasury.) 


CONCENTRATED FEEDING STUFFS INSPECTION. 


1905. Receipts. yb 2, 
Oct. io, balante:on ‘hand. ere eee $582 30 
To amount received from Comptroller. . 3,500 OO 
$4,082 30 

Expenditures. Cr 
By contingent expenses 4—.. ease $7 60 
By iteightand-express seen ee 86 50 
By heat, light; and\waterz..3on). shoe 59 63 
By, postare and stationety ae -eee 38 30 
By. publications i...ss; aa tae ae 629 OO 
By salaries-.2), 22k eee Te 1,645 00 
By seeds, plants, and sundry supplies. . 2 90 
By straveline expeisess.. es eee 505 47 
Balance O@)clhobet sim OO. Gar ate nee ee 1,107 go 
$4,082 30 
SALARIES. a 

Receipts. 

1905. APPROPRIATION, 1905-1900. Dig 
Oct. 1.’ To balante:,: 441. « ee eee $1,427 46 
To amount received from Comptroller. . 23,000 O00 
$24,427 46 


PA SS RAEI SESS SENT 
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Expenditures. Gr. 
ee oe em OV SAlaTIGS < eseemee tee ts Son's siete $23,591 76 
Balancer, (ctObciet LOO. eerie 835 70 
$24,427 46 

LABOR. 

Recetpts. 

1905. APPROPRIATION, I905—1900. Dr. 
Oct. Tee CORUAIATICE MRM Ian Ln, Mert Ot aos wre « 1,279 31 
To amount received from Comptroller. 13,000 00 
$14,279 31 
pe Se a ee | 

Expenditures. Cr. 
Re Ve SAA CS Pile oe als 5 Sais ees ele ied s § os $12,278 32 
ee cite Gwe CO TOUeI aT < LOOO w. wie oie las oe 2,009 99 
| $14,279 31 

1905. INSURANCE MONEY. Dr. 
Occ. Tie,“ Lirap aed VaR. ty erg ee re ag $187 07 

Expenditures. Cr. 
TeymetOOlsealid Mia Cuiieryon. osama $165 oo 
sala Coy CLG beige Pam LOOUiaE ar te ae 2207, 
$187 07 
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APPROPRIATION, I905—I1906. 


Dr. 


To receipts from the Treasurer of the 


United States as per appropriation for 
fiscal year ended June 30, 1906, as per 


act of Congress, approved March 2, 
thot hy cas oh gare oe tc. de oe ae ae 
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Ch: 

By salaries cbs wale. + s+ sce es $909 49 
By publicationsivinin.: «+ ee ee 205 40 
Byepostage andustanonery... oo aeeeece: 55 20 
By: treighivandespiesss:. «4.2.75 cee 49 65 
Byechenntalrein pl tester ks .w. se eee ere lois 
By seed, plants, and sundry supplies... 5 68 
BYSTGRCINO OLE Siena. auntie hiss etme 39 80 
By-slibtat y tents eee ee. © earn eres 88 44 
Bytlive stock = tw. eee We ee | I 50 
By. travelino expenses tance. tee 8 02 
By. contingent-expenses 7 ease ee 121 84 
By balance, October ~132100um ere, 2a7e 
$1,500 O09 


Apams’ FUND—NeEw YorK AGRICULTURAL EXPERIMENT STATION— 
APPROPRIATION, 1905-1906. Dr. 


To receipts from the Treasurer of the 
United States as per appropriation for 
fiscal year ending June 30, 1906, as 
per act of Congress, approved March 


16; TOG... << are ae Peete pect cena $500 00 
Cr 

By postage and! stationery. 2 ees $0 Ol 

By ‘chemical supplies scene ee 499 99 

$500 00 


> 


All expenditures are supported by vouchers approved by the 
Auciting Committee of the Board of Control and have been for- 
warded to the Comptroller of the State of New York. 


WILLIAM O’HANLON, 
Treasurer. 


DIRECTOR’S REPORT FOR 1906 * 


To the Honorable Board of Control of the New York Agricultural 
Experiment Station: 


GENTLEMEN.—At the close of the year 1906 I again nave the 
honor and privilege of presenting my annual report concerning the 
work, condition, and needs of the institution under your charge. 

The activities of the Station have not diminished in their scope, 
which is broad, nor have they lessened, it is to be hoped, in their 
importance to agricultural practice. The continued approval of 
the Station efforts by the agricultural public is a reasonable assur- 
ance that our work is regarded as helpful. It gives me great 
pleasure to report that the condition of the Station is gratifying 
as to the personnel of its staff and the character of its equipment. 
As to needs, it is to be said that the institution is still in the process 
of development and, therefore, real needs exist if there is to be 
progress in efficiency and completeness of organization. In pre- 
senting these matters to your consideration, I am acting under the 
conviction that I am merely fulfilling my duty to you and to the 
people of the State. After you have made the recommendations 
which in your judgment appear to be wise, it remains for the people 
to determine, through their representatives in the law-making body, 
what measures shall be adopted. 


ADMINISTRATION. 
CHANGES IN THE STATION STAFF. 


During the past year, the various agricultural colleges and experi- 
ment stations in other states have displayed their usual activity in 
seeking for men with whom to strengthen their staffs and in con- 
sequence several members of the Station staff have accepted posi- 
tions elsewhere. 

Mr. Edwin B. Hart, who was connected with the Chemica: 
Department of the Station for nine years, was called to the respon- | 
sible position of Professor of Agricultural Chemistry and Chemist 





*A corrected reprint of Bulletin No. 284. 
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to the experiment station of the University of Wisconsin. This 
call came, without question, in consequence of the high character 
of the work which Mr. Hart had accomplished during his connec- 
tion with us and is a worthy recognition of the value which the 
experiment stations are coming to place upon unmistakeable evi- 
dences of research ability. 

Mr. William E. Tottingham, whose connection with the chemical 
work of the Station had been brief but entirely satisfactory, was 
also elected to the position of instructor in the University of Wis- 
consin. 

Mr. Harry J. Eustace, who has been connected with the botanical 
work of the Station since July 1, 1901, accepted a position in the 
U. S. Department of Agriculture. This appointment came, as was 
the case with Mr. Hart, as a merited recognition of efficient and 
highly satisfactory service. 

Because of the present demand for men who are properly fitted 
to take up experiment station work, these vacancies are not yet 
filled, but steps have been taken for so doing. 

The increased funds placed at the disposal of the Station by 
the Legislature of 1906, has made possible the following additions 
to the Station staff with a view to a material increase in the experi- 
ments and demonstrations that are being ENE along various lines 
in different parts of the State: 

G. Talbot French, B. S., Assistant Botanist, a graduate of the 
Massachusetts Agricultural College. 

James Wilson, B. S., Assistant Bacteriologist, a graduate of the 
Oklahoma Agricultural and Mechanical College. 

Richard Wellington, B. S., Assistant Horticulturist, a graduate 
of the Massachusetts Agricultural College. 

William J. Schoene, B. Agr., Assistant Entomologist, a graduate 
of the Agricultural and Mechanical College of Kentucky. 


MAINTENANCE FUNDS. 


In accordance with your action, the Legislature of 1906 was 
asked to increase the maintenance funds of the institution by the 
sum of $25,000. ‘After a careful and very friendly consideration of 
the request by the legislative committees having the finances of 
the State in charge, it was decided that an increase of $10,000 was 
all that the situation would justify, a result which was accepted 


New YorK AGRICULTURAL EXPERIMENT STATION. 9 


by all friends of the Station as giving evidence of a spirit of con- 
fidence in our institution. The various funds that were appro- 
priated for the maintenance of the Station during the fiscal year 
beginning October 1, 1906, were as follows: 


Ete a SE r,t Sak 3 ke Soaks wPbckis woes $28,000 
TREE ae a i, Ee Se ae 13,000 
ieepenoessOtavarious departments of research.....;:.... 20,000 
General expense, heat, light, water, apparatus, repairs, etc. 4,000 
Pemernserorenorticultiral investigation. ..c. vec. s 5.202 ees, 8,000 
Sere RTMET SDC CUO Lia ora stir is id ardigiers oie iN ainye se 254 08 sai « 10,000 
Ree Tt Seitis NECTION 5 aii sin os sess iasd- doh s,s a, gaterscee 3,500 


By action of your Board the Legislature is to be asked to appro- 
priate the same sums for the fiscal year beginning October I, 1907. 
While larger amounts of money could be efficiently and profitably 
used, it is telt that the constituency of the Station should be given 
convincing evidence that the increase with which we have just 
been favored is being used to good advantage before asking for 
any further endowment. 


MAILING LIST. 


The growth of the mailing list, though not now as rapid as at 
some times in the past, has continued steadily during the year 
1906. The number of names on this list is now as follows: 


BULLETIN Lists, DECEMBER I5, 1900. 
Popular Bulletins. 


Residents of New York ; i ¢ : : : J ‘ 36,880 
Residents of other states : ? . ; : : : 33} 
Newspapers : : 2 F 757 
Experiment stations and their staffs. : : ; F : 1.187 
Miscellaneous : ; ; ° : : : : ‘ ; L3t 

Total . 5 : ; : ; ; : ; : ; 41,286 


Complete Bulletins. 


Experiment stations and their staffs. : ; ‘ “ : 1,187 
Libraries. scientists, ete. ; : ‘ ‘ ; ; : 2 170 
foreign list . ; : : . d : , ; : 262 
Individuals. 4 ; , : : : 5 . ; : 3,172 
Miscellaneous ; ; : . : . ; : , : (31 


Total e : : s : : , ; ‘ : : 4,922. 
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TWENTY-FIFTH ANNIVERSARY OF STATION'S ESTABLISH MENT. 


On March 1, 1907, this institution will have completed twenty- 
five years of organized existence. It is purposed to prepare a 
review of the history of the Station and what it has accomplished 
in the interests of agriculture during this period, to be presented 
to the Legislature as a part of the Annual Report for 1906. 

It seems desirable, also, that the twenty-fifth anniversary of the 
Station should otherwise be noticed in some special manner. Such 
an occasion would give an opportunity for assembling our friends 
and for bringing to the notice of the public and of the leading 
men of the State the results we have accomplished and our plans 
for the future. An event of this kind can be made a source of 
inspiration to those who bear the responsibilities of the Station 
management and a means of enlarging public appreciation of the 
services that we are able to render. My recommendation that 
plans be perfected for holding anniversary exercises at some date 
in May or June of 1907, having been adopted by you, measures 
are now being taken in preparation for this event. - 


ADDITIONS TO THE BUILDING EQUIPMENT. 


It is a matter for congratulation, I am convinced, that your 
Board has decided to ask for funds with which to make additions 
to the building equipment of the Station. The sum which the 
State has so far invested in buildings on the Station grounds is 
less than $150,000, which, is little more than half what some 
states have appropriated to a single building for the uses of agri- 
cultural investigation or instruction. There appears to be no reason, 
then, why you should hesitate about urging a generous increase to 
our building equipment. 

An auditorium.—So far in its history the Station has suffered 
the disadvantage quite unusual to institutions of this class, of not 
having on its grounds an auditorium where audiences of any con- 
siderable size can meet. Such assemblages as have met with us 
have held their sessions either in the open air or, as was the case 
or. one occasion, under a large tent. This fact has placed limita- 
tions upon our relations to the public and in view of the enlarging 
responsibilities of the institution, constitutes a disadvantage that 
is increasingly evident. There are several agricultural organiza- 
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tions in the State that would meet with us occasionally and prob- 
ably some would be glad to make our grounds a permanent meet- 
ing place. The means are few by which we could more effetctively 
bring the public into an intelligent touch with our work. This is 
t.ue not only of agriculture but of the educational efforts of the 
schools to which, I believe, this Station will in time come to sustain 
much closer relations. | 

_ Additional dweiling houses.—Your decision to continue the policy 
of erecting dwelling houses on the Station grounds for the accom- 
modation of members of the staff is, I believe, a wise one. It is 
a lamentable fact that in the past the Station has lost several able 
men because of the larger attractions offered by other states. Just 
now the rapid growth of the United States Department of Agrt 
culture and the general increase in station funds as provided by 
the Adams Act are causing an active search among the altogether 
too scanty number of well equipped men for material with whicl 
to strengthen staffs of teachers and investigators. It behooves our 
own State to resist the well meant blandishments of outside insti- 
tutions and to retain in her employ those persons who are now 
rendering her efficient service. Real ability should not be assessed 
at a higher value in any state in the Union. Because of the diff: 
culty in securing and retaining in Geneva desirable rentals con- 
veniently located, nothing would more largely promote a feeling of 
contentment among the members of the Station staff than com- 
fortable and permanent homes. In my last two reports I have set 
forth other reasons why the assembling of the homes of the Station 
staff upon the Station grounds would be a distinct advantage. I 
trust that our needs in this direction will be clearly recognized by 


the law-making body. 


FRUIT PUBLICATIONS. 

The publication known as “ The Apples of New York” has met 
with a warm reception not only by horticultural experts but by 
the agricultural public. This was prepared as the first of a series 
that is to include the principal fruits of the State. The horticul- 
tural department is now ready to proceed with the preparation of 
a volume devoted to grapes that will be submitted to the Commis- 
sioner of Agriculture as a part of our annual report. It is necessary, 
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however, that at least $2,500 become available during 1907 to be 
applied to editorial services and the preparation of plates. The 
horticultural staff of the Station can not, without aid, perform the 
large labor involved in such a work and at the same time maintain 
the regular activities of the horticultural department. 


THE GRADUATE SCHOOL OF AGRICULTURE. 


Under the auspices and general direction of the American Asso- 
ciation of Agricultural Colleges and Experiment Stations, there 
has been organized what is known as the Graduate School of Agri- 
culture. The object of this school is to present to such members 
of the college faculties and station staffs as may desire it, advanced 
instruction and discussions along the lines that are pertinent to 
teaching and investigation in agriculture. Two sessions of the 
school have been held, one at the University of Ohio and the other 
at the University of Illinois, the results of which appear to abund- 
antly justify the effort. The faculty of instruction consists of men 
selected from the various institutions represented in the Association, 
whose compensaion is merely nominal. 

It is obvious that comparatively few of the colleges and stations 
are in a position to offer to this school a meeting place and the neces- 
sary financial support. Among the institutions that can do this 
is Cornell University, and it is proposed by Dean Bailey of the New 
York State College of Agriculture to invite this school to New York 
for the year 1908. The question was raised ‘as to whether this 
institution desired to co-operate in this invitation and share in 
the responsibilities, financial and otherwise. My personal opinion, 
as expressed to your Board, is that it would be profitable for us 
to do so because of the impetus it would give to our work. Indeed, 
it seems as if the force of circumstances practically compels this 
Station to give its aid in this matter. Acting under your authority, 
I joined with Dean Bailey, at the recent meeting of the College 
and Station Association at Baton Rouge, in extending an invita- 
tion to the Graduate School to meet in New York in 1908 and hold 
part of its sessions at the Station. 


DEMONSTRATION EXPERIMENTS. 


The experiments that are being conducted in various parts of 
the State in testing the value of methods that relate to agricultural 
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practice have continued along practically the same lines and to 
about the same extent as during 1904 and 1905. __It is the policy 
of the Station to enlarge its work of this character. Indeed it was 
with this understanding that the Legislature of 1906 was asked to 
increase the working funds of the Station. As the increase of 
funds that was granted did not take effect until October 1, 1906, 
it was not possible to add to our list of experiments during the 
season of 1906. It is expected, however, that a materially larger 
number of outside experiments, more widely distributed, will be_ 
carried on during the season of 1907. 

There is given in this connection a list of the outside experiments~ 
for 1906. In most cases these were conducted in co-operation 
with the farmers on whose land the experiments were located and 
I desire in this connection to express for myself and associates . 
our high appreciation of the way in which our efforts have been. 


seconded by the gentlemen with whom we have co-operated. 


POTATO SPRAYING EXPEF MENTS. 


EXPERIMENT WITH GRAPE STOCKS. 


Re ATe@ Ss. sc bees R. M. Hcewell Portlandi228 =; 22 I, A. Wilcox 
Silver Springs...F. J. Austin 
pata ia. a ce ass J. H. Miller ALFALFA DODDER EXPERIMENT%. 
PUOCAS. oot se G. A. Fox Wewittescs cee J. A. Planck 
INICIO. kes D. Dean Fayetteville......D. H. Wells 
Portland... «.. G. H. Hyde Oakfield.) 2203..B We-laylor 
Memphis....;... M. Bowes SCNCVAG ver. a. Cua SCOOn 
Ogdensburg..... A. Tuck 
Chateaugay...... Oliver Smith & Sen SAN JOSE SCALE. 
ROE tee este dacs Datus Clark Youngstown.....A. H. Dutton 
PCOTOR ex caus: W.B.& W.R.Shaw  Geneva.......... Alfred Lewis 
Woodbury....... A. & T. VanSise Huntington...... Gilbert Scudder 
Sagaponack..... P. Roesel Yorktown....... Floyd White 
Riverhead....... I. M. Young Riverhead....... F. A. Sirrine 

ae se F. A. Sirrine baurelsone se S. M. Woodhull 
OTIC eee O. S. Benson Wading River...E. S. Miller 


ORCHARD MANAGEMENT. 
South Greece....W. D. Auchter 
DRLACUSCses fi... Grant Hitchings 


ECONOMY OF DWARF ORCHARDS. 


a LEAF BLISTER-MITE. 
Williamson. ....W. P. Rogers 


METHODS OF APPLYING FERTILIZERS TO 
POTATOES. 


3 
s 


Ravettevillety. cs. EF. (E. Dawley Baiting Hollow..D. L. Downs 
Carlton Station..Albert Wood & Son  Cutchogue.......W. A. Fleet 
Kinderhook..... Edward VanAlstyne Riverhead....... F. A. Sirrine 


Besides the above list, sixty-three farmers were furnished with 
materials for soil inoculation, with the understanding that they 
would make certain observations and report them to the Station as 
to the growth of the alfalfa under the various conditions estab- 


lished. 
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INVESTIGATION. 


The following summaries briefly touch on some of the more 
important results discussed in the bulletins issued during 1906. 
Many more lines of work are being prosecuted than are men- 
tioned in this connection. It is tle policy of the Station to include 
in its publications only those results that are of scientific or prac- 
tical interest and that are well substantiated by sufficient reliable 
data. 

DEPARTMENT OF ANIMAL HUSBANDRY. 


Experiments with certain phosphorus compounds found in feed- 
ang stuffs —By reference to Bulletins Nos. 238 and 250, it will 
be seen that the phosphorus of feeding stuffs is practically all in 
organic forms. It was also learned that the phosphorus of wheat 
bran is contained mostly in a compound known as phytin that can 
be removed from the bran by leaching it with water. 

Elaborate experiments have been made in comparing rations 
‘containing a large proportion of unwashed bran with rations con- 
sisting of the same proportion of washed bran. 

The data obtained from these experiments involving the use of 
two animals consistently support the following conclusions. Cer- 
tain of the facts observed, which, with others, are here briefly sum- 
marized, agree with observations made by other investigators. 

1. The amount of outgoing phosphorus rose and fell with the 
quantity supplied in the food, though within narrower limits. 
When the phosphorus supply was abundant there was a storage 
of this element in the bodies of the animals, but during prolonged 
periods in which the supply of phosphorus was deficient there 
- was withdrawn from the body store about ten grams daily in several 
periods. 

2. Through destructive changes, the phosphorus of the phytin 
and of the unused digested nucleo bodies was reduced to inorganic 
combinations, and was excreted chiefly in the feces, though to a 
small extent in the urine. 

Further evidence of destructive metabolism of phosphorus com- 
pounds is found in the fact that the inorganic phosphates of the 
milk were from three to five times greater in quantity than the 
total amount of such compounds in the food. The rise and fall 
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in the amounts of outgoing phosphorus compounds occurred almost 
wholly with the morganic salts found in the excretions. The 
organic phosphorus bodies of the excretions were but little affected, 
if at all, by the proportions of phosphorus compounds in the food. 
Variations in the phosphorus supply appeared not to modify the 
appropriation of this element by the milk. 

3. No relation whatever appears to exist between nitrogen excre- 
tion and phosphorus excretion. 

4. It is shown without question that the physiological effect of 
the two rations, due to the withdrawal from the bran of such 
compounds as were soluble in slightly acidulated water, differed 
to a marked degree. With the washed bran ration as compared 
with the one containing the unwashed bran, the following differ- 
ences were observed. 

a. Drier and much firmer feces with the washed bran ration, 
accompanied by a constipated condition, requiring in some cases 
the use of a purgative. 

b. A marked disturbance of appetite when a sudden change was 
made froin the washed bran ration to the one containing the 
unwashed bran, indicating some specific physiological influence 
of the compound or compounds removed from the bran by leach- 
ing. 

c. A greatly reduced flow of urine following a change from the 
unwashed bran to the washed bran ration, the reverse taking place 
when a reverse change was made. 

d. An increase in the flow of milk consequent upon the with- 
drawal from the ration of the phytin and other water-soluble con- 
stituents of bran. 

e. A reduction, sometimes large, in the percentage of fat in the 
milk consequent upon the withdrawal from the ration of phytin 
and other water-soluble constituents of bran. 

f. A decreased production of butter-fat during the period the 
washed bran ration was fed, notwithstanding a somewhat increased 
flow of milk. 

g. The entire cessation of the oestrtim period with cow 1 and a 
temporary disturbance of this period with cow 2. 

Whether the physiological effects above indicated were due to 
phytin wholly or in part to compounds leached out with the phytin 
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is not fully determined. It is proposed to continue experimental 
work along this line. 

Bang method of controlling tuberculosis——In 1900 it was found 
that more than half the animals of the Station herd were affected 
with tuberculosis. In 1901 the Bang method of controlling tuber- 
culosis was applied to the herd. 

The Bang method consists in destroying all animals which show 
pronounced physical symptoms of the advanced stages of tubercu- 
losis and dividing the remainder on the basis of the tuberculin test. 
Tuberculin tests are made at intervals to detect any new cases 
which may develop. The milk from the tuberculous animals is 
heated sufficiently to destroy any disease germs which may be 
present. Practically all calves are sound at birth and remain so 
if proper precautions are taken against subsequent infection. 

Within four years the natural increase in our herd amounted 
to more than the original number of diseased animals and we now 
have a sound herd which is better in all respects than the one with 
which we started and we have accomplished this with a minimum 
of trouble and expense. It would seem that our experience might 
be a valuable object lesson to the cattle owners of the State. 


DEPARTMENT OF BACTERIOLOGY. 


Examination of commercial cultures for legumes.—Last season 
we examined thirty-one packages of cotton which had been inocu- 
lated with legume bacteria and did not find a good one. 

Reports from experiment stations in Maine, Massachusetts, New 
York (Cornell), Pennsylvania, Delaware, Virginia, West Virginia, 
North Carolina, Georgia, Michigan, Wisconsin, Kentucky, Okla- 
homa and Ontario unite in pronouncing such inoculated cotton 
of little or no use in inoculating legumes. No experiment station 
so far as known has obtained satisfactory results from the use of 
such inoculated cotton. | 

Further tests of this material would be needless but for the fact 
that one of the commercial companies is now putting its product 
upon the market in metal containers, claiming thereby to obviate 
the objections which were raised against the inoculated cotton 
packed in parchment paper and tin foil such as was used last 
season. | 
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We have this season examined fourteen commercial cultures of 
legume bacteria which were packed in such metal containers and 
nave found them as worthless as the cultures examined last season. 


DEPARTMENT OF BOTANY. 


Potato spraying expediments.—During the season of 1905 exten- 
. Sive potato spraying experiments were continued along practically 
the same lines as in 1904. The results appear in Bulletin No. 279. 
This concludes the fourth year of the ten-year series of potato 
spraying experiments begun in 1902. ‘Thus far the results have 
shown spraying to be highly profitable. In 1905, the average gain 
in thirteen farmers’ business experiments, including 167 acres, was 
46% bushels per acre, and the average net profit from spraying 
$20.04 per acre. Fifty other farmers who made volunteer experi- 
ments reported gains averaging 5914 bushels per acre. In the 
Station ten-year experiment at Geneva five sprayings increased the 
yield 119% bushels per acre, while three sprayings increased it 
107 bushels. In the duplicate of this experiment at Riverhead 
the gain due to five sprayings was 82 bushels per acre and to three 
sprayings 31)4 bushels. 

Soda bordeaux and lime bordeaux were again compared as to 
their ‘efficiency in the prevention of potato blight. In one test 
rows sprayed four times with lime bordeaux outyielded rows simi- 
larly sprayed with soda bordeaux by nine bushels per acre. In 
another test there was a difference of thirty-five bushels per acre 
in favor of lime bordeaux. These results agree with those obtained 
in 1904 and show that for use on potatoes soda bordeaux is not 
superior to lime bordeaux as has been claimed by some. 

The results of experiments with paris green confirm those 
obtained in similar experiments made in 1904. The conclusion is 
that potatoes are in no way injured by paris green properly applied, 
viz: in moderate quantity (one to two pounds per acre) with 
bordeaux mixture. 

In an experiment on the effect of bordeaux mixture made with 
cold water, potato foliage was in no way injured by being sprayed 
with bordeaux mixture having a temperature of forty to fifty 
degrees Fahrenheit. 

2 
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A currant rust new to America.—In September, 1906, the Station 
currant plantation was found to be abundantly infested with a 
leaf-rust fungus (Cronartium ribicola) which, with one possible 
exception, has not been found previously anywhere in America. 
In Europe it has been known for fifty years and is there wide- 
spread. As a currant disease it is not much to be feared. The 
chief danger from it lies in its effect on white pines. In one of 
its stages the fungus attacks the trunks and branches of the white 
pine producing a destructive disease. It would be unfortunate if 
this disease should become scattered throughout America. With- 
out doubt it is a recent importation from Europe, but just how it 
came to the Station grounds is not known. In order to stamp out 
the disease, if possible, every currant and gooseberry bush on the 
Station grounds has been destroyed. An account of this currant 
rust appears in Technical Bulletin No. 2. 


DEPARTMENT OF CHEMISTRY. 


The action of acids on casein when no solution occurs.—This 
work has for its object to gain information as to whether casein 
forms an insoluble compound with acids, as in the case of milk 
curdled by natural souring. The question has been at issue for over 
fifty years and is of importance as having a practical relation to 
certain dairy problems. The methods that have been commonly 
employed in studying this question are found to be unreliable 
except under special conditions, which have not been appreciated 
heretofore. A new and reliable method was employed, by which 
the amount of acid taken up by casein is measured by means of 
changes in the electrical conductivity of the solutions used. It is 
shown that casein has the power of taking up acids, but the action 
appears to be more like physical adsorption than like chemical com- 
-ination. Casein takes up different amounts of acid according to 
the time of contact, concentration of acid, etc. It takes up different 
acids in different amounts characteristic for each acid. The work 
was carried on with hydrochloric, lactic, acetic and sulphuric acids, 
of varying degrees of concentration and at several different tem- 
peratures. . ; 

The accuracy of phenolphthalein as an indicator in measuring the 
acidity) of casein.—Different indicators show different amounts of 
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acidity possessed by casein and the question is important as to 
which is most nearly correct. In most of the work done, phen- 
olphthalein is the indicator commonly used. By making use of 
electrical conductivity measurements, it was possible to determine 
the acidity with great accuracy, independently of indicators. It 
was found that the results agree closely with those obtained when 
phenolphthalein is used, thus confirming the use of this reagent 
in cases involving the acidity of casein. The matter is one of 
practical importance in determining the acidity of milk and milk 
products, in which the acidity of casein is to be determined. 


ENTOMOLOGICAL DEPARTMENT. 


Commercial miscible oils for treatment of the San Jose scale.— 
This bulletin contains the details of a number of experiments with 
proprietary miscible oils to determine their merits for the control 
o1 we San Jose scale. inese preparations contain more or less 
mineral oil, which has been combined with an emulsifying agent 
to facilitate a uniform dilution with water, and are supposed to 
be safer sprays than clear oils alone for the treatment of orchard 
tree.. The miscible oils that were use were Kil-o-Scale, Scalecide 
and Surekill, which were tested in varying proportion on 1,369 
trees, divided among three orchards. In these tests, applications 
of miscible oils at the recommended proportions of one part to 
twenty or twenty-five parts of water failed to give uniform results 
on scale. The trees receiving these treatments usually showed more 
or less spotting of the fruit and varying infestation of the new 
growth. Miscible oils in the proportion of one part of oil to ten 
or fifteen parts of water, while uniformly more destructive to the 
scale than the weaker preparations, were usually not quite so 
effective as the boiled lime-sulphur wash. By these applications 
large percentages of the scales were destroyed. The treatments 
were sufficiently effective in this respect to maintain the thriftiness 
of the trees and to keep the fruit crop fairly clean. On the basis 
of these results the miscible oils tested should not be used in weaker 
mixtures than one part to ten or fifteen parts of water. 

These sprays are simple to prepare, and have no sediment, and 
for these reasons are very convenient preparations for the treatment 
of old trees and small orchards. The cost of the miscible oils in 
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the proportions of one part to ten or fifteen parts of water makes 
their use almost prohibitive for commercial orchardists who desire 
a safe and comparatively cheap oil spray. 

Apple and pear mites——This bulletin is a preliminary treatise 
upon the Eriophyidae, a group of plant-inhabiting mites of increas- 
ing economic importance, in which special attention is given to the 
species thriving upon the apple and the pear. 

In the study of the mites upon these fruits, five species have 
been recognized, which are Eriophyes malifoliae Parr., Eriophyes 
pyri (Pgst.) Nal., Eriophyres pyri var. variolata Nal., Phyllocoptes 
schlechtendali Nal., and Epitrimerus pyri Nal. With the excep- 
tion of the former, which is new, these species were first recorded 
from Europe. Eriophyes pyri (Pgst.) Nal., known as the leaf 
blister-mite, is the most abundant species and is responsible for 
the conspicuous injuries to the foliage of the apple orchards of 
Ontario, Wayne and Niagara counties. 

The leaf blister mite is a small, vermiform, four-legged creature, 
about one one-hundred-and-twenty-fifth of an inch in length, and 
is hardly visible to the unaided eye. It hibernates in the buds and 
with the maturing of the bud scales seeks the unfolding leaves 
which it punctures, producing light green and redish pimples which 
develop into galls or blisters of a blackish or reddish brown color, 
depending on the kind and variety of fruit. Besides the pear and 
the apple, the mite attacks the serviceberry ((Amelanchier vulgaris 
Monch), the common cotoneaster, (Cotoneaster vulgaris Lindl.), the 
white beam tree (Sorbus aria Crantz), the European mountain ash 
(Sorbus aucuparia I.), and the wild service tree (Sorbus torminalis 
Crantz). e | 

Nursery stock is commonly infested; and when the mite is 
abundant, pear foliage is much discolored, and the young trees may 
be stunted through the destruction of the terminal leaves of the 
new growth. The appearance of the mite for successive years in 
the nursery is due to methods of budding. The experiments to 
control the mite in nurseries are not completed, but it is believed 
that the pest can be eliminated from the nursery by the selection 
of buds from clean stock and by the fumigation of budding sticks. 

In the experiments upon apple trees, comparative tests have been 
made with kerosene oil, miscible oil, kerosene emulsion and sulphur 
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washes. Kerosene emulsion, on account of its safe and efficient 
qualities, appears to be the most practical remedy for the spraying 
of apple trees. 

DEPARTMENT OF HORTICULTURE. 

Apple districts of New York with varieties for each.—Bulletin 
275 defines the several distinct horticultural belts in the State, and 
names the varieties of apples that can be most successfully grown 
in each. It is also a catalogue of the apples that are grown or 
have originated in New York. The sorts listed are briefly described, 
the descriptions having been abbreviated from ‘The Apples of New 
York.” The bulletin was prepared to serve as a guide to those 
who are planting apples with a view of preventing the enormous 
waste occasioned by the continued attempts upon the part of apple 
growers to grow varieties that are not adapted to the regions in 
which they are planted. It answers as best this Station can the 
question so often asked: ‘‘ What varieties shall I plant?” 

The bulletin also considers, in leading up to the main questions 
as outlined above, the distribution of varieties of apples in which 
the fact is emphasized that domesticated plants, as well as wild 
plants, are distributed according to their vital necessities; and that 
success with any crop depends largely upon its being grown in an 
environment preeminently well suited to it; thus, distinct classes of 
farming land, or distinct sets of conditions, are being devoted, 
more and more, to special crops, a fact well illustrated by varieties 
of apples in this State. 

Another secondary but important fact set forth in the bulletin 
is that there are groups of apples, the members of which have about 
the same degree of suitability for a region. The formation and 
adaptations of these groups of apples are considered somewhat in 
detail with emphasis on the fact that groups of varieties have 
adaptations to particular conditions. The groups are founded upon 
the characters of the fruits and all characters are considered. The 
number of groups presented is thirty-six, containing 278 varieties. 

The factors governing the distribution of groups and varieties 
of apples is essential to a clear understanding of the matters dis- 
cussed in the bulletin. These are given as latitude and altitude, 
temperature, water, soil and air currents; each of these factors is 
briefly considered. 


22 DrrECTOR’S REPORT OF THE 


Varieties of strawberries, with cultural directions.—Bulletin 276 
describes the newer varieties of strawberries with some of the 
standard kinds for comparison. These descriptions are followed 
by brief cultural directions which answer, to a degree, the many 
inquiries which come to this Station in regard to the growing of 
strawberries. In describing the varieties emphasis is put upon the 
strong and weak features of the new varieties when tested under 
the soil conditions at this Station; it is pointed out that results 
are not to be taken as absolute, or even as indicating what might 
be expected under widely different conditions of environment. | 

Varieties of raspberries and blackberries, with cultural directions. 
—Bulletin 278 discusses raspberries and blackberries much as Bul- 
letin 276 discusses strawberries. An interval of eight years elapsed 
between the publication of this bulletin and any other upon the 
subject from this Station. This brings the Station’s notes, as to 
the behavior of varieties of the two fruits, up to date. It puts in 
condensed form information valuable to the small fruit grower. 


INSPECTION WORK. 


The Station annually receives for analysis from the Commis- 
sioner of Agriculture from twelve to fifteen hundred samples of 
fertilizers and feeding stuffs, requiring upwards of eight thousand 
single chemical determinations. Some of these determinations are 
rendered more time-consuming by the fact that occasionally they 
must serve as testimony in court. These samples are known to 
the Station authorities only by number. As these analyses are the 
basis for determining whether fertilizer manufacturers are violating 
the law as to the quality of their goods, it is necessary to surround 
this part of our work with all needed precautions as to accuracy. 
The Station’s part in fertilizer inspection is one of the most laborious 
and expensive duties that it has to perform. 

Numerous samples of fertilizers and feeding stuffs are received 
from manufacturers, dealers and consumers with requests for analy- 
ses. These samples are not official in their character and are ana- 
lyzed only when the circumstances seem to justify the expense 
involved. The impression seems to prevail on the part of some 
manufacturers that it is the duty of the Station to make the analyses 
on which they base their guarantees. No such requirement is even 
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suggested in the law and it is not possible for the Station to act 
as the chemist of the fertilizer trade. Dealers often send samples 
in order to be assured that their goods are in accordance with the 
guaranteed requirements. As to these samples, it should be said 
that there is an annual inspection of the various brands sold in the 
State and it is not feasible to be continually repeating analyses of 
brands that are examined officially by the Commissioner of Agri- 
culture. Samples from consumers are treated according to circum- 
stances. In a large majority of cases they do not involve matters 
of sufficient importance to render the analyses advisable. In many 
cases, also, analyses are not necessary in order to give to the inter- 
ested parties the information that is desired. 


PUBLICATIONS ISSUED; DURING 1906: 
BULLETINS. 


No. 275. April. Apple districts of New York with varieties for each. U. 
P. Henricx, N. O. BoorH and O. M. Taytor. Pages 61. 
No. 276. April. Varieties of strawberries and cultural directions. O. M. 
Taytor. Pages 18. 
Popular edition. Pages 8. 
No. 277. April. The Bang method of controlling tuberculosis, with an 
illustration of its application. H. A. Harpinc and Gerorce A. 
SmituH, of the New York Agricultural Experiment Station, and 
V. A. Moorr, of the New York State Veterinary College. 
Pages 29. 
Popular edition. Pages 8. 
No. 278. May. Varieties of raspberries and blackberries, with cultural 
directions. O. M. Tay tor. Pages 41. 
Popular edition. Pages 12. 
No. 279. May. Potato spraying experiments in 1905. F. C. Stewart, H. J. 
Eustace and F. A. Srrrtne. Pages 77, plates 5, map 1. 
Popular edition. Pages 16. 
No. 280. August. Inspection of feeding stuffs. Pages 28. 
No. 281. December. Commercial miscible oils for treatment of the San 
Jos¢* scale, ~ P. J. PAprort;-H? E: Honextss and F.- Ac Srrrtne. 
Pages Io. 
Popular edition. Pages 8. 
No. 282. December. Quality of commercial cultures for legumes in 1906. 
M. J. PrucHa and H. A. Harpinc. Pages 8. 
Popular edition. Pages 4. 
No. 283. December. The apple and pear mites. P. J. Parrott, H. E. 
Hopcxkiss and W. J. ScHorNE. Pages 50, plates 8. 
Popular edition. Pages 8. 
No. 284. December. Director’s report for 1906. W.H. Jorpan. Pages 24. 
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TECHNICAL BULLETINS. 


It has seemed best to make a slight change in the numbering of bulletins 
of this Station; and to issue, in future, a series to include discussions of 
technical and scientific phases of our work. Those issued during 1906 are 
as follows: 


No. 1. November. A study of the metabolism and physiological effects of 
certain phosphorus compounds with milch cows. W. H. JorDAN, 
K, B: Hart and: A... J.oPATrEN, Paees so. 

No. 2. December. An outbreak of the European currant rust. F. C. 
STEWART. Pages 14, plates 3. 

No. 3. December. I. The action of dilute acids upon casein when no 
soluble compounds are formed. II. The hydrolysis of the 
sodium salts of casein. L. L. Van StyKe and D. D. Van SLYKE. 
Pages 8&8, figs. 17. 


Several bulletins previously issued are of the same general character. 

‘These are: 

No. 214. A study of some of the salts formed by casein and paracasein with 
acids; their relations to American cheddar cheese. 

No. 215. Methods for the estimation of the proteolytic compounds con- 
tained in cheese and milk. 

No. 219. Some of the compounds present in American cheddar cheese. 

No. 231. The relation of carbon dioxide to proteolysis in the ripening of 
cheddar cheese. 

No. 233. Renet enzyme as a factor in cheese ripening. 

No. 236. Conditions affecting chemical changes in cheese ripening. 

No. 237. The role of the lactic-acid bacteria in the manufacture and in 
the early stages of ripening of cheddar cheese. 

No. 238. The status of phosphorus in certain food materials and animal 
by-products, with special reference to inorganic forms. 

No. 250. The nature of the principal phosphorus compound in wheat bran. 

No. 256. Seed selection according to specific gravity. 

No. 261. Some of the relations of casein and paracasein to bases and acids, 
and their application to cheddar cheese. 

No. 265. I. Plant-food constituents used by bearing fruit trees. II. Tabu- 
lated analyses showing amounts of plant-food constituents in 
fruits, vegetables, etc. 


CIRCULARS. 


No. 6, new series, April 5. The renovation of worn-out orchards. U. P. 
Heprick. Pages 4. 
No. 7, new series, April 25. The “King System” of: stable ventilation. 
W. H. Jorpan. Pages 4, figs. 5. 
W. H. Jorpan, Director. 
New York Agricultural Experiment Station. 
Geneva, N. Y., Dec. 31, 1906. 
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Experimental Station, and V. A. MOORE, of the New York 
State Veterinary College. 


SUMMARY. 


1. Tuberculosis is one of the most important diseases of cattle. 

2. The Bang method of handling herds affected with this disease 
has been tried with success in various countries. This method is 
especially adapted to herds of valuable animals. 

3. The method consists in isolating the reacting animals in order 
to stop the spread of the disease and holding them for breeding 
purposes. 

4. Calves of tuberculous cows are rarely if ever tuberculous at 
birth. They should be immediately separated from the dam and 
fed on the milk of healthy cows or on milk which has been properly 
pasteurized. 

5. The milk of tuberculous cows is safe after it has been pas- 
teurized at 185° F. (85° C.). 

6. More than one-half of the herd of the New York Agricultural 
Experiment Station was found to be tuberculous in December, Igoo. 

7. Quarters were prepared and the application of the Bang 
method begun in October, 1901, with a total of thirty animals, thir- 
teen of which were healthy and seventeen tuberculous. 

8. During four years this herd produced twenty-three desirable 
heifer calves, approximately one-half coming from the tuberculous 
animals, and in November, 1995, it contained thirty healthy animals. 





* A reprint of Bulletin No. 277. 
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INTRODUCTION. 


During the last decade the progress which the cattle owners of 
this State have made in the control of tuberculosis in their herds 
has been slight and this progress has been in comparatively few 
herds. While exact data are lacking it is probable that there is 
more tuberculosis in the herds of the State to-day than there was 
ten years ago.! 

As long as tuberculosis was considered purely as a public health 
problem and was handled with little regard for the interests of the 
cattle owner, there was often a disinclination on his part to face 
the facts. With a better knowledge of the nature of the disease 
' the more progressive breeders and dairymen are coming to feel that 
tuberculosis, like any other destructive disease of cattle, is an 
unprofitable adjunct to the business. Accordingly they are beginning 
to inquire into the various methods of freeing their herds from this 
pest. 

The herd of the New York Agricultural Eperiment Station was 
accidentally infected through the purchase of apparently sound cows 
and before the disease was detected more than one-half of the herd 
had become tuberculous. From this undesirable condition the herd 
has been transformed into a sound one within four years and it 
is believed that a statement of the conditions encountere( and means 
employed to eradicate the disease will be especially helpful to the 
dairymen at this time. 

In this work we can lay little claim to originality since we have 
followed the method recommended by Dr. Bang? of Copenhagen. 
Considering the uniform success which this method has met with 
in the various countries in which it has been employed it seems 
strange that it has not been more widely used in America. It 1s 
hoped that this presentation of the method and of the way in 
which it was successfully employed in the Station herd may stimu- 
late its introduction into the herds of the State. 


*In the report of a Special Committee of the Assembly on Tuberculosis 
presented February 1, 1900, the tuberculosis among cows in New York State 
was estimated at not to exceed 6 to 7 per cent. 

*Bang B. The struggle with tuberculosis in Denmark. The Veterinarian, 
68 :688, 1895. 

Bang b. Tuberculosis of cattle. Appendix, Bulletin 75 of the Depart- 
ment of Agriculture of the State of Pennsylvania, 1901. 
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PRESNATOURE Os? UBERCULOSIS. 

Tuberculosis is a specific infectious disease. It is specific because 
it is produced by a single cause, the tubercle bacillus; it is infec- 
tious because this organism gets into the animal body and multi- 
plies there. It affects the animal by growing into the tissues and 
actually destroying the organs of the body that are necessary to 
the life of the individual, such as the liver, lungs and other vital 
parts. Although the course of the disease is often very chronic, 
it possesses all of the characters that determine an infectious malady. 
Because of its insiduous nature and slow development, cattle owners 
are very liable to ignore the essential conditions in its, dissemination 
and thereby often expose their herds to this most destructive of 
cattle diseases. | 

The two most important facts to know about an infectious dis- 
ease are, (1) how the micro-organisms that cause it escape from 
the diseased animal and (2) how the sound animals become 
infected. The answers to these questions relative to bovine tuber- 
culosis are for the greater part not uitficult. 

The tubercle bacteria escape from a tuberculous animal when 
the tissues they have destroyed are being discharged from the 
body. If the lungs are affected the dead particles of tissue, laden 
with tubercle bacilli, escape into the bronchial tubes and after 
being coughed up into the mouth they leave the body with the 
saliva. In these cases the tubercle bacteria can be found in the 
saliva that is left on the surface of the water in watering troughs 
or on the bottom of the mangers.’ If the tissues attacked happen 
to be glands in the walls of the intestine the dead particles of 


* Ravenel, M. P. The dissemination of tubercle baciclli by cows in coughing 
a possible source of contagion. University (Penn.) Medical Magazine, 
November, 1900. 


30 Report oF DEPARTMENT OF ANIMAL HUSBANDRY OF THE 


tissue escape with the intestinal contents. If the disease becomes 
localized in the udder then the bacteria pass out with the milk. 
In cases where the lesions are restricted to subcutaneous glands 
or tissues, abscesses may be formed and the dead tissues laden with 
tubercle bacteria may escape through an opening in the skin. If 
the disease is localized the tubercle bacteria are liable occasionally 
to grow or eat their way into a blood vessel when they may be 
carried in the blood to any or all parts of the body and temporarily 
escape into the milk, intestinal contents or sputa. 

When the bacteria have escaped from infected individuals into 
mangers, watering troughs, or on to the grass in pastures, they are 
readily taken up by healthy cattle that drink, feed or graze after 
diseased animals... In case the bacteria are escaping with the milk, 
calves and swine fed with it are very liable to become infected. 

The period of incubation, that is the time between the entrance 
of the bacteria into the body and the appearance of the fresh tissue 
changes (tubercles) is variable. There is good evidence to show 
that it may be very short in some cases and very long in others. It 
is safe to assert that it may vary from a few days or weeks to as 
many months. Tuberculin does not give a reaction during the 
period of incubation. This condition requires for safety that ani- 
mals that do not react to tuberculin in herds where the disease 
exists and where they may have become infected must be tested 
several months later to be sure that they were not infected at the 
time the first test was made. 

The duration of the disease varies quite as much as the period 
of incubation. Tuberculosis may run a rapidly fatal course, the 
affected animal dying in a few months.* As a rule, however, the 
duration of the disease is much longer. The tuberculous tissue may 
become encapsulated and the disease remain stationary for a long 
time® and in some cases recovery may take place. In an experi- 


‘The cow Jane is an illustration of this point. She became diseased 
during 1901 and first reacted in October, 1901. She failed rapidly and was 
killed in June, 1902. The autopsy showed that her liver was badly diseased. 

* This is well illustrated by Chloe and Kate. They were tuberculous when 
tested as two-year-olds in 1900 but when killed and examined in 1905 both 
were so slightly diseased that their carcasses would both pass a Federal 
meat inspection examination. During these five years Chloe gave a positive 
reaction to tuberculin at eight different tests while Kate gave a positive 
reaction five times and failed to do so at three tests. 
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ment by Moore,® twelve of seventeen cows that reacted in April 
failed to react in October. These were all destroyed. They all 
contained tubercular lesions of a chronic type. They all contained 
living tubercle bacteria as proven by guinea pig inoculations. It 
is known that the lesions may remain in a chronic encapsulated 
condition for three years and the tubercle bacteria still be alive.’ 
In the cases of arrested tuberculosis the disease does not spread 
in the body, but so long as the tubercle bacilli remain alive it is 
possible that the disease may start up at any time for there is 
very little, if any, immunity established against a subsequent attack 
by the development and encapsulation of the primary lesion. One 
of us (Moore) has the records of over fifty cows that have reacted 
but failed on subsequent tests, from six to eighteen months there- 
after, to react but still later did react. Whether the late reaction 
was caused by a reinfection or by renewed activity of an encap- 
sulated, arrested lesion is not determined, but the fact that, to all 
appearance and methods of diagnosis in a living animal, the lesions 
in these animals were healing or healed and that later they 
responded to the test suggests that the first attack did not impart 
immunity. 

As a rule the tubercular changes occur in one or more of the 
following organs: (1) In the lungs or lymphatic glands draining 
them, (2) in the lymphatic glands about the head, (3) in the 
intestines and mesenteric glands, (4) in the glands of the liver or 
the liver itself and (5) in the generative organs and udder. It 
frequently happens that the pleura or the peritoneum is thickly 
sprinkled with tubercular nodules. The extent of the disease that 
may exist and have the animals appear to be in perfect health 
depends upon the location of the lesions. Frequently large masses 
of tubercular deposits are found in apparently healthy animals. As 
a rule these are not in vital organs. Again, cattle run down 
rapidly and may die of the disease before the lesions attain great 
size becaise they are in and destroying an organ that is very essen- 
tial to the life of the individual. 


*Moore, V. A. A report on bovine tuberculosis. N. Y. Dept. Agr. 
Annual Report, 1903. 

* Millie D. gave a reaction in October, 1901, and in June, 1902. She failed 
to react at six subsequent tests beginning with December, 1902. She con- 
tained living germs of tuberculosis in 1905, page 55. 
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The possible long period of incubation and duration of the dis- 
ease, the frequent encapsulated condition of the lesions and the 
absence of immunity from a natural infection are important factors 
to be considered in the application of any method for its elimination 
or control. 


THE BANG METHOD. 


The Bang method for handling tuberculosis is simply the pro- 
cedure recommended and carried into effect in Denmark by Prof. 
B. Bang of the Copenhagen Veterinary College. The object of 
this method is to replenish a tuberculous herd with as little loss 
as possible. It requires that all animals that show physical symp- 
toms of the disease shall be destroyed. Those which give a tuber- 
culin reaction but which exhibit no evidence on physical examina- 
tion of being tuberculous are isolated. They are kept for breeding 
purposes. The reacting animals are carefully watched and if any 
of them develop obvious symptoms of the disease they are slaugh- 
tered. 

The method as originally proposed has been modified from time 
to time in accord with increased knowledge of the disease and 
the conditions under which it exists. The success of the method 
rests in the fact that it conforms to the chronic nature of the 
disease and its tendency to become arrested. The large percentage 
®(35.4%) of dairy cows in Denmark that reacted to tuberculin 
suggested the importance of replenishing the herds with healthy 
cows before the total destruction of the reacting ones. The method 
is summarized in the following statements. 

1. A herd is tested with tuberculin. The animals that are in 
a bad condition are slaughtered. ‘The reacting animals that show 
no physical evidence of the disease are isolated. They are kept 
for breeding purposes. 

2. The offspring from the reacting cows are promptly removed 
from their dams and fed milk from non-reacting cows, or the 
pasteurized (heated to a temperature of 85° C. (185° F.)) milk 


* Bang, B. The struggle with tuberculosis in Denmark. The Veterinarian, 


68 :688, 1895. 
Bang, B. Tuberculosis of cattle. Penn. Dept. of Agr., Appendix Bul. 7s, 
1QOI. 


"Loc. cit. 
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from the reacting ones. The milk of the isolated cows after pas- 
teurization is also used for human food. 

3. If any of the isolated cattle give evidence of the disease 
advancing, such as enlarged glands or emaciation, they are 
slaughtered. 

4. The non-reacting animals are tested from time to time and 
if any individuals react they are placed with the isolated ones. 

5. The calves that are raised from the reacting cows and which 
fail to react to tuberculin’ are placed in the sound herd. 

As the sound herd is replenished the isolated cattle may be 
fattened and killed, under proper inspection, for beef. The laws 
of nearly, if not all, countries permit the use of meat of tubercu- 
lous animals for food when the disease is localized. In this way 


“It is important to test, with tuberculin, calves that have been born of 
tuberculous dams and raised on pasteurized milk of tuberculous cows for 
the reason that it is possible through inadvertent accidents that some of them 
have become infected. In our observations in various herds from one to 
four per cent. of the calves brought up under these condition have reacted to 
tuberculin at six months of age. No such cases appeared among the calves 
of the Experiment Station herd during the progress of this work. 

™In the disposition of tuberculous cattle, practice has established the 
feasibility and safety of using the flesh for food when the disease is localized. 
The United States Meat Inspection Regulations permit the carcasses of 
tuberculous animals to pass and to be sold as sound when the lesions are 
restricted in their distribution as follows: 

“ (1) The carcasses may be passed when the lesions are limited to one 
group of lymphatic glands or one other gland. 

““(2) The carcasses may be passed when the lesions are limited to two 
groups of visceral lymphatic glands in either the thoracic or abdominal 
cavity. 

“ (3) Thecarcass may be passed when the lesions are limited to two visceral 
organs (other than lymphatic glands) in the thoracic or the abdominal cavity, 
provided the lesions are slight, calcified, and encapsulated. 

“(4) The carcass may be passed when the lesions are limited to one group 
of visceral lymphatic glands and one other organ in the thoracic or abdomi- 
nal cavity, provided the lesions in the affected organs are slight. 

“(s) The carcass may be passed when the lesions are confined to two 
groups of visceral lymphatic glands and one other organ in the thoracic or 
abdominal cavity, provided the lesions are slight, calcified, and encapsu- 
lated. 

“ (6) The carcass may be passed when the lesions are confined to the lungs, 
the cervical lymphatic glands, and one group of the visceral lymphatic 
glands of the thoracic cavity, provided the affection is slight and the lesions 
are calcified and encapsulated.” U.S. Dept. Agric.: B. A. I. Order 125. 


3 
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the people of Denmark have been able to greatly reduce the very 
high percentage of tuberculous cattle and at the same time mini- 
mize the loss they formerly sustained by the frequent death of dis- 
eased animals. 

Among the first, if not the first, to put the Bang method to a 
test in this country was the Wisconsin Agricultural Experiment 
Station.1* They began in January, 1896, with 16 reacting animals 
and 18 healthy ones. In February, 1899, they had 27 healthy ani- 
mals, all the progeny of the group of tuberculous cattle. Russell 
pointed out at that time that the method afforded a practical and 
often a most desirable way to replace a tuberculous herd. 

The Bang method has been applied with great success in Hun- 
gary where the reports show that many highly infected herds have 
been freed of the disease in from four to six years. In Norway 
and Sweden the results have been equally good. Prof. Regner! 
states that the percentage of reacting animals among 36,149 cattle 
was, at the beginning of the application of this method, 33.6 per cent. 
After a period of from two to nine years it has been reduced to 
4.7 per cent. It is not the purpose of the method to return to the 
sound herd animals that have reacted but which after a period of 
one or more years fail to react. Experience has shown that a 
variable number of reacting animals will stop reacting in from six 
to eighteen months and remain apparently in a sound condition. 
The present interpretation of this phenomenon is that the disease 
has been arrested, but because the time limits of the life of tubercle 
bacteria residing in encapsuled lesions is not known, it cannot be 
considered safe to return these animals to the healthy herd. 

This method has the redeeming feature that it requires the 
elimination of cattle that have no real value because of the advanced 
stage of the disease but enables the owner to obtain the actual 
worth of the others. It has been possible because of the great value 
of tuberculin in detecting the infected animals that still appeared to 
be in perfect health. 


“a Russell, H. L. The history of a tuberculous herd of cows. Wis. Agr. 
Exp. Station, Bul. 78, 1890. 

’ Regner, Gustav.— The suppression of tuberculosis among domesticated 
animals. Eighth International Veterinary Congress. Budapest, Sept., 1905. 
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TUBERCULIN. 


Tuberculin is the concentrated liquid, usually glycerinated bouil- 
lon, on which the tubercle bacteria have grown until the products 
resulting from their multiplication have become imparted to the 
medium in sufficient quantity to inhibit their further development. 
It is not definitely determined just what these products are or just 
how they are elaborated. 

In the preparation of tuberculin the saturated cultures are heated 
to destroy the tubercle bacteria, filtered through the Pasteur or 
Berkefelt filter to remove all the bacteria, and the filtrate condensed 
over a water bath. To the properly concentrated fluid a little car- 
bolic acid is added to preserve it. It is evident, therefore, that 
tuberculin cannot produce tuberculosis, as the tubercle bacteria have 
been first killed by heat and then removed by filtration. It has never 
been known to produce any bad effect upon either tubercular cattle 
or healthly ones. It is the most accurate test for the detection of 
disease that is known to medical science. 


Pe Pele rlONtOr LUBERCULIN: 


In applying the tuberculin it is important to observe the following: 

1. The normal temperature of the animal to be tested must be 
determined. It is recommended that it be taken hourly or every 
two hours for the day proceeding the test. In practice veterin- 
arians usually take the temperature but once or twice before in- 
jecting the tubeculin. 

2. The tuberculin is injected subcutaneously in the side of the 
neck. Care should be taken that the syringe is sterile and the site 
of injection should be disinfected. The size of the dose depends 
upon the preparation of the tuberculin, that is, the degree of its 
concentration. 

3. Beginning 6 or 8 hours after injection the temperature should 
be taken hourly, or at least every two hours for fully three-fourths 
of a day. 

4. During the time of testing the cattle should be kept quiet and 
free from all exposures and fed normally. 

5. In case of reaction there should be a rise of at least 1.5° F. 
above the normal individual temperature as determined on the pre- 
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ceding day. In order to avoid error several initial temperatures 
should be taken. In practice, veterinarians usually take only a single 
temperature to determine if the cow is not suffering from a fever, 
due perhaps to other causes. The reaction in such cases is deter- 
mined by the temperature curve. This procedure is liable to give 
erroneous results. The elevation of temperature should come on 
gradually, remaining practically at its maximum for a few hours 
and gradually subside. Erratic elevations of short duration are to 
be excluded. In cases of doubt the animal should be retested. 

6. Animals advanced in pregnancy and those known to be suf- 
fering from any disease should be excluded. All methods of treat- 
ment, including exposure to cold or kind of food or drink which 
would tend to modify the temperature should be avoided. Ani- 
mals in which tuberculosis is far advanced are said sometimes to 
fail to react.18 

7. The dose of tuberculin should vary to correspond to the 
weight of the animal. The dose for an adult cow of average 
weight is 0.25 cc. of the concentrated Koch tuberculin. This 
should be diluted to 2 cc. with a weak (1 per ct.) solution of car- 
bolic acid before injecting. The tuberculin prepared at the New 
York State Veterinary College is ready to inject when it is sent 
out. In cases where a second test is made within a few days the 
quantity of tuberculin injected should be larger than for the first 
test. 

The interpretation of the temperature record requires care. If, 
however, all conditions pertaining to the protection of the animal 
have been fulfilled, the temperature curve mentioned is a very sure 
indication that the animal is suffering from an active, although it 
may be a very small, tubercular growth. If there is no reaction 
the correct interpretation is more difficult. In this case there are 
three conditions which must be taken into account, namely: (1) If 
the animal is extensively diseased it may not react. In this case 
the physical condition would show that the animal was at least not 
healthy. (2) If the test was made during the period of incuba- — 


*% Such a case has not come under our immediate observation. Aurora 
gave a decided reaction when her body was literally filled with tuberculous 
tissues. See page 47. 
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tion there would be no reaction although the disease may soon 
develop. To overcome this danger a subsequent test should be 
made in from three to six months. (3) It is known that cows that 
have reacted, may, because of the arrest of the disease, fail to re- 
act subsequently but later the disease may start up again, when 
the animal would react. We have records of several cases of this 
kind. Great care must be exercised, therefore, in the interpreta- 
tion of negative results, especially in tests made in herds where 
tuberculosis exists, and where it is possible that the animals failing 
to react have been infected. 


COMPOSITION OF THE STATION HERD. 


In December, 1900, the Station herd contained seventeen mature 
cows and eleven heifers ranging in age from eight months to two 
years. Eight of the cows were full-blooded Jerseys and the re- 
mainder, with a single exception, were Jersey grades. Two of the 
cows had been raised on the farm, while the remaining fifteen had 
been purchased in 1898-1899. The purchased animals represented 
nine herds in the central part of the State. 

Care had been exercised in purchasing to procure desirable ani- 
mals from all points of view. They were not bought, however, 
subject to the tuberculin test.4 

The young stock had all been raised on the farm and repre- 
sented the most promising heifers of the two preceding seasons. 


PoeNviNGe PUBERCUEROSIS IN- THE HERD: 


In the fall of 1900, Cow No. 8, which had been purchased by 
the Station in 1898, steadily lost flesh. She was given a physical 
examination on Noy. 27 by a local veterinarian who pronounced 
her tuberculous. She was promptly killed and found to be suffer- 
ing from the disease in its advanced stage.” As in many other 


* Soon after the arrival of the new animals abortion became troublesome 
and continued for some years. This trouble- seriously interfered with our 
later attempts at renewing the cows through their offspring as not only did 
many of the old cows lose a calf but for some years practically every heifer 
lost one calf and in one case two in succession. 

* The autopsy notes show the following distribution of lesions: 

“Right sub-maxillary lymph gland contained pus. Caudal mediastinal 
lymph gland enlarged to eight inches in length and tuberculous. Lungs 
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herds, the breaking down of a tuberculous animal was the first 
intimation that the disease had gained a foothold. 

Naturally the first question that arose was as to the state of 
health of the remaining animals. But two methods of determining 
their condition were available; the physical examination and the 
tuberculin test. Physical examination is a general method which 
is commonly applied to the diagnosis of many animal diseases. 
For the reason that dairymen are familiar with it and constantly 
using it in handling their cattle many of them are inclined to place 
more confidence in its results fhan in a method with which they 
have had practically no experience. In detecting the early stages 
of tuberculosis in cattle, physical examination is of little assistance 
because at this stage the disease is ordinarily located in the deep- 
lying glands entirely out of the range of observation. It is only 
when the disease has progressed to the point where considerable 
lung tissue is involved or some of the superficial glands are con- 
siderably enlarged that the tubercular condition may be readily 
detected. 


normal except for a tubercular area in each caudal lobe, the larger being 
on the left side. Heart and pleurae were normal. Many tubercles 4% to % 
inch in diameter scattered over the peritoneum. Capsule of the liver was 
dotted over with tubercles but the liver itself appeared to be normal. Uterus 
was infiltrated with tubercular tissue. The ovaries contained caseated 
masses, probably tubercular, in the center of each. The udder, which was 
considerably enlarged at the date of killing, was removed to the laboratory. 
Here it was cut into thin slices and carefully observed but no tubercles were 
found.” 

November 30, three rabbits were injected with material from Cow No. & 
One received a portion of the milk from the udder, a second received pus 
from an ovary while the third was injected with water in which two small 
tubercles from the uterus had been crushed. 

February 12 one of the rabbits died and the other two were killed. The 
autopsies in all cases showed well. marked tuberculosis. The lungs and 
diaphragm of all three were affected, in one case to such an extent as to 
make breathing difficult. In two cases the peritoneum was covered with 
modules while in the third case where the injecting needle had not reached 
the abdominal cavity there was a large fibrous mass with pus at its center. 
One or both kidneys in each of the rabbits contained tubercles. These 
results made it plain that not only was cow No. 8 suffering from tubercu- 
losis in an advanced stage but what was more alarming her milk contained 
virulent tubercle bacilli. This latter fact was especially interesting in view of 
the failure to find any tubercular lesions in the tissue of the udder even when 
it was cut into thin strips and carefully examined both by sight and touch. 
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The tuberculin test, on the other hand, responds to the presence 
of a single active tubercular nodule as readily as to a number, but 
it unfortunately does not give any measure of the extent of the 
disease. From these facts it would seem plain that when dealing 
with the early stages of this disease the tuberculin is the more 
efficient guide. In our own case only one animal was considered 
suspicious on physical examination while a tuberculin test of the 
herd, on Dec. 5-6, 1900, gave a positive reaction with eight mature 
cows and seven of the young cattle out of a total of twenty-eight.?® 
As will be seen the subsequent results proved the reliability of the 
best 

CONSIDERING THE SITUATION. 


A sound herd was a necessity in order that the experimental work 
of the Station might be properly conducted. With more than one- 
half of our cattle diseased, the question was as to the best way to 
obtain a sound herd. The only way in which we could do this was 
either by disposing of the diseased animals and buying sound ones 
or by following the Bang method which has already been described. 

The common method of disposing of reacting animals was by 
slaughter and burial. Where this wasteful method is not followed 
but the cattle in the earlier stages of the disease are fattened and 
sold for beef, subject to Federal inspection, only the beef value of 
a part of the animals could be obtained. In this herd all of the 
animals represented good breeding and a part of them were regis- 
tered stock. By following the slaughter method all of the advan- 
tages of this breeding would be lost. Again it would be necessary 


** The stable in which these animals were kept was a large basement with 
two rows of stanchions facing each other but with a wide driveway extend- 
ing down the center. While the cattle were let out daily, in suitable weather, 
into the paddock or pasture they were returned each night regularly to their 
own stanchions. Accordingly the location of the diseased animals in the 
barn is of interest. Cow No. 8 had stood midway in a row of fifteen mature 
animals. The first four cows standing immediately to her right all reacted 
and the first three and the fifth cow standing to her left also reacted. 
These eight were the only mature cows which responded to this tuberculin 
test.. The two oldest heifers were at the extreme right of the line of cows 
and did not react. The remainder of the young cattle were at the opposite 
side of the barn and arranged according to age. The two oldest at the end 
of the line did not react but the seven younger heifers ranging in age from 
eight to seventeen months all reacted. 
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to buy cows to replace the diseased ones, and even if bought sub- 
ject to the tuberculin test there was a strong probability that they 
would not all be sound animals.” 

It was accordingly decided to apply the Bang method as soon as 
suitable quarters could be provided for the two herds. A substan- 
tial addition to our stables was then being built and was ready for 


use in March, 1901. 


PARA TAL*SE RAR ATO NSO hee bir sr tee 


Ten cows and six calves were transferred to this new stable in 
March, 1901. Because of the time which had elapsed since the 
test, cows were selected from those which had not reacted at the 
previous test and included only the two oldest non-reacting 
heifers. Five of the calves had been dropped since the previous 
test and had been raised on pasteurized milk.1§ 

The remaining heifer, Nellie, was so young at the time of the 
first test that she was not tested at that time. 

While this division of the herd was made as the result of the 
test it should not be forgotten that this test had been made some 
three months previous to the date of separation. During this 
interval the cattle had all been kept in the same stable or had 
occupied the same paddock. 


CHANGES NV Lil Gee 


During the interval between the discovery of tuberculosis in 
November, 1900, and the separation of the sound and reacting 
animals into two herds in March, 1901, five cows passed out of 
the herd. Two of the reacting cows died with milk fever and a 
third became so lame with a tuberculous joint that she was killed. 
One reacting and one sound cow were sold for beef. March 25, 
I9Q0I, we received a heifer calf Carey in exchange for bull-calves. 


“These failures to detect the disease are largely due to the period of 
incubation. (See page 30.) This is well illustrated by a cow purchased in 
1904 from a herd containing tuberculosis. A few days after her purchase 
she did not react to the tuberculin test. She remained in our sound herd 
for six months and at that time gave a good reaction. An autopsy made 
six months later showed two small tubercles in the glands of the neck and 
one small one in the lung. 

* The milk was heated to 85°C. (185°F.) in a continuous pasteurizer such 
as is commonly used in connection with butter making. 
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She was added to the sound herd. As this calf became a part of 
our herd before the real beginning of our work of breeding tuber- 
culosis it has been thought best to include her in the enumeration” 
throughout. 

During the years in which this work was in progress nine cows 
and three bull calves have been purchased. As these animals have 
not been in the herd for the full time and as they were all pur- 
chased as sound animals (although as has been noted, some be- 
came tubercular) it has seemed best that neither these cows nor 
their offspring should be considered in giving the history of our 
original herd. 

BANG ME THODVAPPLIED, 


Test of October, 1901.—After an interval of eleven months the 
entire herd was again tested, October 11-12, 1901. At this test 
all the animals remaining in the old stable reacted, with the ex- 
ception of Kittie, one of the heifers which had given a reaction 
at the previous test. Kate and Tess, two heifers which had not 
reacted in 1900, now gave an undoubted reaction. 

In the new stable the calf, Nellie, which had not-been tested 
the previous year, as well as the cow, Jane, which stood beside it, 
reacted. Two other cows in this stable, Millie D. and Lady of 
Loch, also gave a reaction. 

During the year five cows had developed the disease beside the 
calf, Nellie, which had not been.previously tested. This observa- 
tion is of interest as it gives an idea of the rate at which the dis- 
ease was spreading through the herd. 

Separation of the herd on the basis of the test.—The calf and 
the three cows in the new stable which had given a reaction with 
the tuberculin were now placed with the unsound herd. This left 
seven cows and six calves, or a total of thirteen, which had not 
given a reaction to the tuberculin test out of a total of thirty. 

This was the condition of our herd when, in October, 1901, we 
started to replace the diseased animals with sound ones by means 
of healthy heifer calves raised from the two herds. 


™® She later produced one heifer and two bull calves and her heifer dropped 
a bull calf. If any one should take exceptions to this manner of treating 
the matter they have only to deduct one from the list of sound animals at 
the beginning and two from the list at the close to obtain the corrected 
number. 
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In accomplishing this end we did not hesitate to reject any 
healthy cow or calf when for any reason it did not give promise 
of being a profitable and desirable dairy animal. Belle of Spring 
Brook was sold for beef before the end of the year because of 
sterility. Pet was also sold for beef because she was not a suf- 
ficiently profitable animal to be desirable for breeding purposes. 
For the same reason five of the reacting animals were disposed 
of at the same time. 


DISINFECTION Otte T ii > TAB PhS 


If the herd was to be kept healthy it was necessary that any 
germs of tuberculosis which may have been scattered in the new 
stable by the tuberculous animals be destroyed. Accordingly the 
new stable was first cleaned and swept and the floor allowed to 
dry. This latter precaution was taken in order to insure good 
penetration of the disinfecting solutions. 

When in proper condition the entire interior of the stable, with 
all the utensils in use there, was sprayed with a solution of cor- 
rosive sublimate, one part to one thousand parts of water.” 

The disinfecting solution was applied in a fine spray with the 
hope of hitting every part of the surface, but the application was 
continued until the surface was soaked so that there might be 
enough material at hand to penetrate to considerable depth in 
porous places. 

When the application of corrosive sublimate was dry the walls 
and stanchions were treated to a coat of oil or paint, depending 
upon the way in which they were originally finished. 

In order to reduce the danger of reinfection and consequent 
aggravation of the disease, as well as to decrease the danger of 
the infected material being carried into the new stable, the old 
stable was also disinfected. 

After a thorough sweeping down and cleaning out, this stable 
was also carefully sprayed with corrosive sublimate. In this stable 
the disinfection was followed by a coat of whitewash. We at- 
tempted to apply this with a hand spray pump, thinking that in 


* This strength is most conveniently obtained by the use of compressed 
tablets which may be obtained at any drug store; or 2% ounces of the 
powdered corrosive sublimate to fifteen gallons of water will give a solution 
of the desired strength. 
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this way we could more effectually fill the small crevices. It did 
not seem practical in this way to handle a whitewash of sufficient 
body to give satisfaction. With a power sprayer it is quite pos- 
sible that the result might be better. The caustic effect of the 
freshly-prepared whitewash is such as to destroy the germs with 
which it comes in contact. While it is a good disinfectant, as far 
as it reaches, its mechanical form is such that it does not pene- 
trate into all of the crevices where it is desirable that a disin- 
fectant should go. For this reason we had made the previous 
application of corrosive sublimate. 


PLAN FOR HANDLING THE HERDS. 


The stables having thus been rendered as free from tubercle 
bacilli as it was practical to get them, and all animals which had 
given evidence of tuberculosis having been taken out of the new 
stable, the task of producing a sound herd of equal size was begun. 

As has been explained, the plan was to prevent the disease from 

attacking any more of the sound animals if possible and to rely 
upon the healthy calves to rebuild the herd. In order to accom- 
plish this certain precautions seemed necessary. 
In the healthy herd.— The animals were kept from all contact 
with the diseased ones both in the stable and in the pasture. ‘The 
food and water supply was carefully guarded from infection by 
the germs of tuberculosis. A satisfactory water supply at the barn 
is difficult to arrange. A single diseased animal using the com- 
mon source of supply is lable to contaminate it. For a year we 
used individual pails but found it a troublesome method. 

No barn utensils of any kind were taken from the stable of 
the infected cows into that of the healthy herd without first being 
so treated as to remove the danger of carrying disease. 

So far as was practical the two herds were looked after by dif- 
ferent men. When it became necessary for a single attendant to 
work with both herds the use of a separate pair of shoes and 
outer garments in the two barns was required. 

The ventilation of the barn was adjusted with the aim of sup- 
plying an abundance of fresh air, and the exercise and food of the 
animals was arranged with the idea of keeping them in vigorous 
condition rather than of forcing a large production. 
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The cattle were tested with tuberculin twice each year in order 
that any cases of disease which might develop might be detected 
before it had spread to other animals. May and November were 
preferred for making the test, but the exact time was determined 
partly by convenience and partly by a desire to avoid testing cows 
in an advanced state of pregnancy. Cows were usually omitted 
from the test when within six weeks of the date when they were 
due to calve. Strictly speaking, no purchased animal should have 
been admitted to the sound herd until it had been tested with tuber- 
‘culin and failed to react. For lack of a convenient place for hold- 
ing such animals in quarantine they were usually placed in the 
sound herd and tested within a few weeks. In a number of cases 
they were found to be tuberculous, and accordingly for a time 
had exposed the herd to serious danger. 

Animals reacting to tuberculin were at once removed to the other 
herd and were considered as tuberculous after that time, no mat- 
ter what reaction they gave later. There may be exceptions to the 
rule that an animal once tuberculous always remains so, but in the 
present state of our knowledge the only safe course lies in ob- 
serving it. 

In the diseased herd.— The cattle were given the same care as 
to their feed and general condition that was bestowed upon the 
sound herd. It was often a matter of comment by persons who 
inspected both herds at different times during the progress of the 
work of the diseased herd, so far as physical appearance went, 
was fully the equal of the sound one. 

The cattle were tested with tuberculin at least once a year and 
in most cases twice. This was done for the purpose of scientific 
study rather than with any idea of returning them to the sound 
herd. 

Whenever any of the animals were found to be unsatisfactory 
for breeding purposes and were in good condition they were sold 
for beef. 

When any of the animals began to show signs of breaking down 
due to the disease they were killed and buried. This was done 
because their usefulness was about at an end and to have kept 
them longer would have needlessly exposed their companions and 
have increased the danger to the sound herd. For this reason 
Cows No. 4 and No. 10 were killed in November, 1gor. 
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A few of the tuberculous cows were killed in order to clear up 
certain questions which arose in connection with the work. 

The milk from the tuberculous herd was handled in entirely 
separate utensils and was passed through a continuous pasteurizer 
at 85°C. (185°F.). It was then considered harmless*! and the skim 
milk was fed to the calves and the cream made into butter. During 
a considerable period the milk was used,after being thus pasteurized, 
for the local milk trade with entire satisfaction. 

The calves from the tuberculous cows were at once removed to 
the sound herd and were fed on the full milk of the sound cows 
and later upon the mixed, pasteurized, skim milk from both herds. 


CHANGES INDUCED BY THE BURNING OF THE BARNS. 


In May, 1902, the Station barns were destroyed by fire. This 
fire started in the upper portion of the new stable and spread so 
rapidly that three calves and one two year old heifer from the 
sound herd were destroyed. In the confusion attending the re- 
moval of the cattle from the stables both herds were allowed to 
mingle and remain together for a few hours. They were, however, 
promptly separated and placed in temporary quarters. 

Up to this time we had accurate records of the food consumed 
and milk produced by each animal. From this data we hoped to 
obtain some information concerning the relative profit of keeping 
tuberculous and sound cows. All of these data were lost through 
the burning of the barns and until some months later it was not 
practicable to continue these observations. It then seemed neces- 
sary and dispose of all of the least promising cows on account of 
the lack of stable facilities. A comparison of the relative profit 
after such a process of selection would be of little value and has 
not been attempted. 


PROGRESS OF THE EXPERIMENT. 


Test of June, 1902.—At this test we had thirteen sound animals, 
twelve from the last test and a calf from the tuberculous Millie D. 

The fourteen diseased animals all reacted, including Kittie who 
had failed to do so at the test in IgoI. 


* The fact that all of the 25 calves fed with this milk remained free from 
tuberculosis is good evidence that it was really harmless. 
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Jane was killed just prior to the test as she was failing fast. 
The disease had vigorously attacked her liver which probably ac- 
counted for her breaking down in about a year after she had con- 
tracted tuberculosis. 

Lest of December, 1902.—In the sound herd, Belle of Spring 
Brook and Pet had been sold for beef. The eleven animals re- 
maining from the previous test failed to react as did the calf of 
the tuberculous Aurora, giving us a total of 12 sound animals. 

In the diseased herd five animals had been sold for beef and 
Cassy, who was breaking under the disease, was killed. The au- 
topsy showed fairly generalized tuberculosis. Of the eight re- 
maining cows, Cow No. 9 was not tested because she was abou 
due to calve. The other seven were tested and all reacted except 
Millie D. 

Test of April, 1903.—The twelve healthy animals and the three 
calves, all from healthy cows, failed to react making a total of 15 
sound animals. The tuberculous herd was not tested. Cow No. 9 
died with milk fever just after the date of the previous test, leaving 
but seven diseased animals. 

Test of December, 1903.—The sound herd, consisting of the 
fifteen head at the last test, now numbered twenty, three of the 
five calves coming from the diseased herd. All passed the test. 

In the diseased herd Aurora was not tested because she was 
about due to calve and of the remaining six only Chloe and Nettie 
gave a reaction. No satisfactory reason can be given for the 
failure of the other four to react. 

Test of May, 1904.—The sound herd contained twenty-four ani- 
mals at the date of testing, two of the four calves dropped since 
the last test coming from’the diseased herd. A single animal, 
Daisy of Loch, gave a typical reaction with the tuberculin, leaving 
us 23 sound animals. Almost immediately following the test this 
cow became so lame as to be practically helpless. Treatment failed 
to relieve the trouble and she was killed. An autopsy showed the 
presence of a few tubercular lesions in the mediastinal glands. This 

was evidently a case of recent infection and as we obtained a re- 
action at the same test from a cow which had been added to the 
herd by purchase an explanation of the avenue of infection seems 
simple. This was the first case of infection in our sound herd 
after the separation in I9oI. 
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The lameness was apparently not connected with tuberculosis 
but was probably due to accident. At least no evidence of tubercular 
lesions could be found in the affected joint. 

With the exception of Millie D. the seven diseased cows all 
gave a reaction with the tuberculin. The reaction was a sur- 
prise in the case of Aurora who had been failing very rapidly 
and was now plainly in the last stages of the disease. It is often 
stated that animals in such a condition fail to react. She was 
killed and examined shortly after the test and was as full of dis- 
eased tissue as a cow could well be conceived of being. Her lungs 
were so solid that they did not collapse after death and both body 
cavities were so covered with tubercles as fairly to obscure the mem- 
brane upon which they rested. 

Test of November, 1904.—All of the members of the sound herd 
failed to react. This herd now contained the twenty-three animals 
which were sound at the last test and two calves, both coming 
from diseased cows, making a total of 25. 

Millie D. and Lady of Loch of the six diseased animals failed to 
react. 

Test of May, 1905.—The sound herd now contained twenty-nine 
animals, of the increase 3 being due to calves from the sound herd and 
1 from the diseased. All of this herd passed the test except Aurora’s 
Fancy, leaving 28 sound animals. This was the second and the 
latest case of a member of our sound herd becoming diseased. 
This animal was the last calf dropped by Aurora at a time when 
the dam was in the advanced stages of the disease. The calf was 
always of doubtful vigor and its destruction on this account had 
been discussed. However, on account of the desirable breeding 
involved it was thought best to hold her until she had shown her 
ability as a milker. She was evidently not diseased from birth as 
she had failed to react as a yearling. Two avenues of infection 
may be suggested but neither of them seems satisfactory. The 
bull pen is in the same stable in which the young cattle are kept 
and our bull had given a typical reaction the year previous. Also 
the man who had charge of the tuberculous herd assisted in caring 
for the young cattle. The main difficulty with both explanations 
is the fact that the calf was sound at the previous test and had been 
placed in pasture immediately after and had remained there until 
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a few days preceding the test at which she had reacted. Again 
if the stable conditions were responsible for her infection it was 
strange that no similar cases have developed before or since. 

With the exceptions of Kate and Millie D. all of the 6 cows in 
the diseased herd responded to the test. As this was the last test 
given to these animals, with the exception of Millie D., the record 
of this test is given in Table I. 
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Test of November, 1905.— The sound herd now contained the 
twenty-eight animals which did not react in May and two calves, 
one descended from each herd. None of these animals gave any 
reaction to the tuberculin. 

Millie D. was the only member of the diseased animals which 
was tested at this time. She again failed to react. 

This test practically closes this experiment as we had now thirty 
sound animals which was the total number in our herd at the 
time we undertook to stop the further spread of the disease and 
replace the diseased animals by healthy calves. 


SUMMARY OF CONDITION OF STATION HERD. 


Table II shows the progress of the work during the four 
years, giving the standing of the herds at each test as well as 
the changes occurring during the preceding six months. From 
the table it will be seen that it took four years to replace the 
seventeen animals which were diseased at the beginning, the two 
which later contracted the disease, the four which were burned 
with the barn, and the two which were sold, making a total of © 
twenty-five. Of this number of calves eleven have descended from 
the thirteen sound animals and fourteen from the seventeen dis- 
eased animals. The contribution from the diseased herd was 
affected by the removal of nine of the cows during the first year 
of the experiment without their producing offspring and by two 
of the remainder producing only bull calves. 

This work was carried out in the face of as many natural dif- 
ficulties as can ordinarily be expected in an average dairy. It is 
accordingly believed that with good care the rebuilding of a simi- 
lar herd can be regularly accomplished in from three to five years. 
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TABLE II.—SUMMARY OF CONDITION OF STATION HERD. 
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* The six diseased animals were killed after the November test. For their autopsy record 
see page 54. 


fares OF FUBERCULOUS COWS FOR BEEF. 


The most exacting rules which are employed in this country 
in judging of the quality of meat for human food are those of the 
Bureau of Animal Industry.2* Similar regulations are in force 
in many of the more highly civilized countries.2* These rules 
are applied in all of the slaughter houses which are engaged in 
inter-state or export trade and they specifically provide that car- 
casses of cattle affected with tuberculosis in which the lesions do 
not exceed a stated limit shall be stamped the same as those from 
absolutely sound animals. As a result of the inspection under 


= The regulations applying to tuberculosis cattle are given on page 33. 

*°’The Royal Commission of England reports that “as a result of the in- 
spection in 29 towns in Saxony during the year 1895 tuberculosis was found 
to exist in 22,758 carcasses —being 27.48 per ct. of the whole number 
slaughtered. Of the total number, 22,758 carcasses, showing tuberculous 
lesions, 21,062 or 9214 per ct. were passed as fit for food; 1,256 or about 
514 per ct. were disposed of in the Freibank as inferior meat, at a fixed 
cheap rate; and the remainder, 440 carcasses or 2 per ct. of the whole 
number pronounced tuberculous in a greater or less degree were condemned 
as unfit for food and destroyed. (From Report of N. Y. Assembly Com- 
mittee, I9QOT.) 
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these rules, a considerable amount of beef% from tuberculous ani- 
mals is annually included in that class which is justly considered 
the best beef on the American and European markets. 

The animals disposed of by us were sold with the understand- 
ing that they should be sent to slaughter-houses where the car- 
casses would receive an official inspection. 

If one studies the nature of tuberculosis, it is evident, as experi- 
ments and practice have shown, that localized lesions enclose the 
tubercle bacteria and that the danger from consuming the flesh 
of such animals is very slight. If the disease is generalized, 1. e., 
the lesions are distributed in the organs of both the large body 
cavities or, according to Ostertag, if there is an old tubercular 
lesion and many small miliary tubercles in organs in the same 
body cavity, the carcass should be condemned. 

Experience has shown that when reacting animals of a herd 
are killed, after the tuberculin test, a very large percentage of 
them are so slightly diseased that the lesions would have escaped 
notice had the animal been killed in the ordinary way for beef, 
or, if the changes are in evidence they would not, because of their 
localization, condemn the carcass. In view of the practice of 
various national meat inspections which have proven to be safe, 
it seems perfectly proper and just that animals that have reacted 
to tuberculin but which, from the flesh point of view, are in a 
fit condition for beef should be retained for food providing they 
pass inspection under the rules of the Federal Meat Inspection 
Service. 

It is most unfortunate that the butchers of our small towns 
and cities, and often those slaughtering for home consumption in 
our larger cities, are permitted to sell meat from animals that are 
not so inspected at the time of slaughter. In the absence of 
such a general system, the published rules of the Federal Meat 
Inspection Service (see page 33) make it possible for a competent 
veterinarian to decide for the owner whether or not a carcass can 


* According to the report of the Bureau of Animal Industry its represen- 
tatives, during the fiscal year 1903-04, made post-mortem inspection of 
6,383,080 cattle and 24,170,230 hogs. Of these 10,173 carcasses and 703 
parts of carcasses of cattle and 34,656 carcasses and 181,820 parts of carcasses 
of hogs were condemned for tuberculosis. 
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be used with safety for food. It is hoped that in the near future 
the laws of this State will provide for the inspection of such ani- 
mals, thereby giving the small owner an equal chance with the 
large packing houses for the equitable disposition of slightly in- 
fected animals. 

The situation would be highly satisfactory if as consumers we 
could avoid eating the meat or drinking the milk of tuberculous 
animals, but under existing conditions we can hardly expect to 
do this. We shall approach perfect conditions in this respect only 
as we reduce the number of infected animals. There can be no 
hesitancy, however, in the acceptance of the statement that the 
inspected carcasses are much to be preferred to great quantities 
of home-killed beef that is sold without inspection of any kind 
and where the only protection the consumer has against the con- 
sumption of the meat of animals suffering from generalized tuber- 
culosis is the opinion and conscience of a man unskilled in the 
nature of this disease. If the meat and milk of animals suffering 
from generalized tuberculosis can be excluded, a long step in 
advance of present conditions will have been taken. 


BoULOPSY ON FUBERCULOUS: COWS ‘AT: CLOSE OF 
EXPERIMENT. 


At the close of the experiment we still had six of the diseased 
cows. Of these Chloe was in good condition for beef, while Millie 
D., who was now fourteen years old, was in poor condition. The 
others were in average flesh for dairy cows. 

As three of these cows had been diseased for five years, or 
since they were calves, and the other three had been tuberculous 
for at least four years it seemed best to hold an autopsy on these 
animals in order to note the progress which the disease had made 
during this time. 

In order to conserve the beef value which was in the cows an 
arrangement was made with a local butcher to buy such of the 
carcasses as should pass a proper inspection and were otherwise 
in condition for beef. The Bureau of Animal Industry kindly 
consented to send an inspector from Buffalo to pass upon the 
quality of the carcasses under the same rules in use at the slaughter 
houses in Buffalo and elsewhere. 


54 Report oF DEPARTMENT OF ANIMAL HUSBANDRY OF THE 


The local health officer, when consulted, raised objection, on 
the basis of local regulations, to the sale of such Government In- 
spected meat which if passed would have been of the same quality 
as that which is being shipped to this city in car load lots and 
would have been immeasurably better from the standpoint of 
public health than much of the locally killed meat which is sub- 
jected to no inspection whatever. 

Desiring to avoid any conflict with the local authorities the 
idea of selling the meat was abandoned, but in order to determine 
what value still remained in the animals the carcasses were care- 
fully inspected. For this work we availed ourselves of the ser- 
vices of Dr. W. B. Mack, Assistant in the Department of Com- 
parative Pathology and Bacteriology at the N. Y. State Veterinary 
College. While no longer officially connected with the Bureau of 
Animal Industry, Dr. Mack had just returned from Kansas City 
where for some months he had served as a Federal Inspector in 
one of the large slaughter houses. The results of the examina- 
tion made by Dr. Mack of the carcasses of five of the tuberculous 
cows are, in reference to that disease, as follows: 


POST MORTEM NOTES BY W. B. MACK, D.V.M. 


Geneva, N. Y., Nov. 17 and 18, 1905. 
The following tubercular lesions were found: 

Nettie.— Mediastinal lymphatic glands enlarged and caseated with a few 
slight calcareous foci in one of them. Right lung, principal lobe, contained 
a caseous area about I.5 cm in diameter. In the liver substance were seven 
or eight tubercles from 0.5 to 1.5 cm in diameter. 

Lily— Mediastinal lymphatic glands enlarged and caseous. Extensive 
caseous lesions in both lungs. A large number of tubercles from 0.3 to I 
cm in diameter attached to the left costal pleura and that’ covering the 
mediastinum. Liver contained four tubercular areas from I to 2 cm in 
diameter. 

Chloe— One mediastinal lymphatic gland showed slight tubercular foci. 
Both prescapular lymphatic glands contained slight foci of the disease, ap- 
parently quite old. 

Lady.— Mediastinal lymphatic glands enlarged and caseous with extensive 
caseous lesions in both lungs. 

Kate.— Mediastinal lymphatic glands somewhat enlarged and contained 
slight tubercular foci in a calcareous condition. Left prescapular gland has 
two foci of the disease about 0.4 cm in diameter. 

“In my opinion the cows Chloe and Kate would pass the Federal meat 
inspection. The lesions in the others were either too extensive, too largely 
distributed or in such condition as to warrant their condemnation for food.” 
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In considering the slight progress which had been made by the 
disease in the case of some of these cows it should be remembered 
that they were what had been left by a process of selection from 
the entire herd of nineteen animals. 

Millie D. was in such poor condition as to have little beef value. 
She was killed and carefully examined December 12. Her poor 
physical condition was evidently due to causes incident to old age 
as a very complete examination showed only small tubercles (about 
the size of a small pea), evidently well encapsulated, in three of 
the tracheal and mediastinal lymphatic glands. It should be re- 
membered that this cow had not reacted for three years so that 
the age of the lesions can be very closely determined. Although 
these hard and sharply circumscribed lesions gave every appearance 
of dead tissue, a Guinea pig was inoculated subcutaneously with 
three of these little tubercles. It died in six weeks with generalized 
tuberculosis. This observation is important in that it shows how 
long these bacteria may remain alive in the encapsulated tubercles. 


A STUDY OF THE METABOLISM AND PHYS. 
IOLOGICAL EFFECTS OF CERTAIN 
PHOSPHORUS COMPOUNDS 
WITH MILCH COWS.* 


WH. JORDAN, Ey BAHAR BAND VAP jerk ed LON 


INTRODUCTION. 


The metabolism and functions of the ash ingredients of cattle 
foods have received relatively little attention from scientific inves- 
tigators up to the present time. This is true even of so important 
an element as phosphorus. So far, investigators have given their 
attention chiefly to studies of the metabolism and functions of the 
compounds included in the three classes, proteids, carbohydrates 
and fats. There is every reason for believing, however, that some 
of the elements which appear in plant ash sustain just as important 
practical relations to animal production of various kinds as do 
nitrogen and carbon in their various combinations. 

The purpose of the investigations herein reported has been to 
study some of the nutritive relations and functions of the phos- 
phorus compounds of cattle foods. The results reached in the 
preliminary stages of this work have already been reported in bul- 
letins Nos. 238 and 250 in which certain conclusions as to the status 
of phosphorus in feeding stuffs are set forth. 


PARTIAL REVIEW OF PREVIOUS INVESTIGATIONS. 


In studies of phosphorus metabolism numerous experiments with 
small animals, as dogs, calves, lambs and pigs, have been carried 
on both in this country! and abroad?, either with the purpose of 
determining the relative therapeutic values of different calcium phos- 
phates in the pathological condition known as rickets, or their values 





* A reprint of Technical Bulletin No. 1. 
*Henry. Wis. Agrl. Expt. Sta. Ann. Rpt., 6:15. 1880. 
*N. Schenke. Landw. Vers. Stat., 58:19. 1903. 
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in aiding the development of body tissues in the young animal. The 
evidence is quite conclusive that certain phosphates are useful in the 
_ former case but the data covering the latter point are conflicting and 
it is still an open question whether calcium phosphates possess 
nutritive value when added to a ration of normal food materials. ° 

Kohler? working with lambs found that calcium and phosphoric 
acid were most thoroughly assimilated in the form of precipitated 
calcium phosphate, which is a mixture of tri- and di-calcium phos- 
phates. Atwater* has shown that the ash constituents of beef are 
largely absorbed from the digestive tract of man. Hoppe-Seyler® 
finds the same to be true of calcium phosphate and the several ex- 
periments of Gohren®, Lehmann’ and Wildt® give similar results 
with small animals. | 

The evidence as to the benefits derived from the use of inorganic 
phosphates when fed to sound animals is contradictory. Cohn? 
reports observations on the addition of calcium phosphate to the 
food of calves and pigs where no apparent influence was exerted, 
while a marked benefit was observed in experiments with two to 
three-year-old horses. Hofmeister? failed to receive beneficial re- 
turns from the use of precipitated calcium phosphate with three- 
months’ old lambs. Heiden?® observed an increased weight and a 
general beneficial influence from the addition of 25 grams of calcium 
phosphate to the daily food of weak pigs, but when stronger animals 
were used no influence was evident. 

Hess and Schaffer!! report that when 50 grams of calcium phos- 
phate was added to the daily food of four cows the milk contained 
an increased proportion of that compound. The experiment 
station at Mockern™ reports most beneficial results from the use 
of 30-50 grams of calcium phosphate in the daily rations of steers 
which had shown marked brittleness of their bones, caused by ad- 
ministering a ration poor in phosphorus. H. Joulie!® reports 


®Ztschr. Untersuch. Nahr, u. Genussmtl., 8:683. 1904. 
*Ztschr. Biol., 24:16. 1888. 

5°Med. Chem. Untersuch., Heft 2. 

*Landw. Vers. Stat., 3:161. 1861. 

*Jahresber. Agr. Chem., 16, Bd. 2: 183, 1876. 
SJour. Landw., 22:1. 1874. 

*Landw. Vers. Stat., 1873, p. 123 

*Jahrsber. Agr. Chem., 16, Bd. 2:62. 1876. 
% Landw. Jahrb. Schweiz, 5:76. I8o1. 
*Landw. Vers. Stat., 57: 230, 1902. 

*® Rev. Agr. Reunion, 10: 1904. 
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experiments .on the use of phosphoric acid for herbivora which led 
to the conclusion that such an addition was beneficial. H. D’- 
Auchald'* found an increased weight of the skeleton of chickens 
which were fed a ration containing 4 grams of added bone when 
compared with those not receiving this addition, and Wheeler™® 
has observed that the addition of bone ash improves most grain 
rations as food for young chicks, 

Kohler?® has lately compared the assimilability of different forms 
of calcium phosphate by lambs and has given to di-calcium phos- 
phate a value four times greater than that of bone ash. H. Labbe™ 
in his own work mentions the faulty assimilation of inorganic 
phosphorus compounds and obtained much more favorable results 
with such organic forms as nucleins and lecithins. Desgrez and 
Zaky!§ have also experimented with the lecithins and nucleins on 
guinea pigs, and marked gains in weight were noted when these 
substances were fed. Gilbert and Fournier!® worked with young 
dogs with similar results. Springer®° lays great stress on the nutri- 
tive and stimulating value of the lecithins found in cereals. It 1s 
probable that the conclusions drawn by Springer cannot all be at- 
tributed to lecithins as other phosphorus compounds were present 
in the mate1ials he used in his experiments. 

Another phase of the problem that has received attention is 
whether or not mineral phosphates can be utilized in the forma- 
tion of such organic phosphorus structures as the nucleins. These 
latter bodies and the more complex nucleo-proteids are widely dis- 
tributed in blood and tissues and the source of their phosphorus is 
a question of importance. Rohman?! and his pupils have concluded 
that the animal organism has not the power to synthesize organic 
phosphorus combinations from phosphorus-free proteids and min- 
eral phosphates, while Keller?? and Ehrstrom** have deduced quite 


“Jour. Agr. Prat., n. ser. 7, 1904. 

*N. Y. Agr. Expt. Sta., Bul. 242. 

*Ztschr. Untersuch. Nahr. u. Genussmtl., 8: 683, 1904. 
“ British Med. Jour., No. 2267, 1904. 

“Compt. Rend. Soc. Biol., (Paris), 57. 1904. 

“Idem, 53: 145. 1900. 

*L’Energie de Croissance. 

"Berliner Klinische Wochenschrift, 1808. 

* Archiv. fiir Kinderheilkunde, 1900. 

* Skandinavische Arch. fiir Physiologie, Bd. 14. 
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contrary conclusions from their own observations and have given 
tu the inorganic phosphates a role in phosphorus metabolism. 

Buchmann™ in experiments with convalescent patients in which 
egg-yolk with and without added lecithin and edestin formed a 
part of the diet, concluded that lecithin must be regarded as very 
important in inducing gains of tissues containing phosphorus. 
Since lecithin was so superior to edestin when the latter was com- 
bined with inorganic phosphates in the experiments reported, it 
seemed to the authors that inorganic phosphates was all excreted. 

Buchmann, Ehrstrom?> and Siven*® have come to the conclu- 
sion that a definite relationship between N and P, O, excretion 
does not exist, as had been claimed, a relationship according to 
Hammarsten of 8.1 : I.0, but that a nitrogen loss accompanied 
by a phosphorus storage can occur. Meyer?’ has confirmed the 
work of Ehrstrom and Chronheim and Miuller*® in that increased 
phosphorus in the food increases the phosphorus retained in the 
body and that the body can for a long period either gain or 
lose large quantities of phosphorus. 

Herter*® has made the interesting observation that when he fed 
young animals sepdrated milk, practically free from fat, the absorp- 
tion of phosphoric acid by them was for some reason or other much 
interfered with. 

No attempt has been made here to give a complete bibliography 
of the subject of phosphorus metabolism but only references enough 
to show that in several phases the work is still inconclusive and con- 
tradictory and demands further investigation. 


Tope eROBE heise UDIED: 


Our own problem, as first conceived, was the narrow one of 
the food compounds used by the animal for the formation of the 
phosphorus-bearing proteids such as are found in flesh, milk and 
eggs. It was thought, if nucleo-proteid synthesis does not occur 
in the animal body, that in the case of cows and hens where 


** Ztschr. fiir diat. und phys. Therapie, 8. 
Loci Cit, 

**Cit. by Ehrstrom. 

* Ztschr. fiir Physiol. Chemie, 43:1. 1904. 

*% Ztschr. fiir. diat. and phys. Therapie, 6: 1902. 
*Tour. Experimental Med., 3: 293. 1808. 
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phosphorus-bearing proteids are formed in great abundance in the 
milk and eggs, the kind and quantity of phosphorus compounds 
in the ration might have an important influence upon production. 
As it was believed that cattle and poultry foods probably con- 
tained both inorganic and organic phosphorus bodies in greatly 
varying relative and absolute quantities, it was supposed that 
rations might be selected which would show markedly different 
effects upon the secretion of phosphorus-bearing proteids and there- 
fore upon production with cows and hens, milk and eggs being 
rich in these bodies. 

Our views of.the conditions attending our proposed investiga- 
tion’ were much modified by an examination into the nature of 
the phosphorus compounds of the various grains and their by- 
products. In Bulletin No. 238 of this Station®® it was first shown, 
and later confirmed by Schulze and Castoro,*! that in normally 
grown, non-etiolated plants the phosphorus exists in the seeds 
wholly in organic combinations, while in the straw a small pro- 
portion occurs in inorganic forms. It was also shown in a later 
bulletin®? that wheat bran, the outer layer of the wheat kernel and 
rich in phosphorus, contains practically all of this element in an 
organic combination of an entirely different nature from either the 
nucleins or lecithins. 

This bran body is an organic acid radical coupled with calcium, 
magnesium and potassium and is probably identical with the com- 
pound Posternak*® isolated from other plant tissues and to which 
he gave the name of phytin.34 Phytin is widely distributed in 
nature and has been found in the seeds of red fir, pumpkin, peas, 
beans, white and yellow lupines, potatoes and wheat. 

It can be completely or nearly removed from wheat bran by 
mere washing with water, but more easily by allowing the bran 
to undergo a slight acid fermentation followed by leaching with 
water. It is this fact that allowed us to prepare a ration very 
low in its phosphorus content, 


°N. Y. Agr. Expt. Stat. Bul. 238, 1903, and Amer. Chem. Jour., 30: 470. 


1903. 

 Ztschr. Physiol. Chem., 412.477. 1904. 

WN. Y. Agr. Expt. Stat. Bul. 250, 1904, and Amer. Chem. Jour., 31: 564, 
1904. 

® Rov Gen. Bot., 12425. 1900. 

* Scheeiz. Wochenschr. Phar., 42: 1904. 
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GENERAL PLAN OF THE INVESTIGATION. 


Our studies for the past two years have been conducted with 
milch cows and in connection with observations that are to fol- 
low have been arranged in accordance with the following general 
plan. 

1. Feeding to the same animal during short or long periods of 
time rations differing greatly in the amount of phosphorus which 
they supply, this variation in phosphorus content to be brought 
about, as far as possible, by selection of the components of the 
ration, but the differences in quantity of ingested phosphorus 
to be intensified both by special treatment of the ration and by 
adding to it particular phosphorus-bearing bodies, the effect of 
which it is desired to study. 

2. Modification of the phosphorus content of the ration by varia- 
tions as far as possible in the amount present of a particular phos- 
phorus-bearing body. 

3. The changes from a high, to a low, phosphorus ration to be 
both abrupt and gradual. 

4. The maintenance of the rations on the same nutritive plane, 
excepting in the variations of the phosphorus content. 

5. Lhe feeding of weighed and carefully sampled rations and 
the collection and weighing of the excreta and product, to be 
accompanied by such chemical determinations as are essential to 
the solution of the problem in hand. 

It was expected that this plan of work would furnish data on 
the following points. 

1. The amounts and kinds of phosphorus-bearing bodies in cer- 
tain cattle foods. (Already published.) 

2. The transformations and distribution of phosphorus-bearing 
bodies brought about by the metabolic changes in the animal. 

3. The influence of the supply of phosphorus compounds both 
in kind and in quantity, upon the physiological status of the animal 
and upon the composition and yield of product, whether milk or 
otherwise. 
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EXPERIMENT TI. 


This was a comparison of the effect of rations differing greatly 
in their phosphorus content, especially in phytin phosphorus. 


THE EXPERIMENTAL ANIMAL. 

The animal (Cow 1) selected for use in our first experiment 
‘was a vigorous grade Holstein. When the experiment began she 
was in fair flesh and about three months advanced in the period 
of lactation. She possessed a vigorous appetite, a characteristic 
which we regarded as essential to the entire consumption of the 
ration containing the washed bran because of its probable lack of 
palatableness. It is a matter for congratulation that the regular 
consumption of the rations was accomplished with a very satis- 
factory degree of success. 


THE MANAGEMENT OF THE EXPERIMENT. 

The animal under observation stood by herself in a warmed 
room especially arranged for experimental work. She was fed 
from a metal-lined box which allowed the attendant to recover 
all uneaten food. The daily ration was given in three equal por- 
tions, morning, noon and night. Water was offered at stated times 
and the animal was weighed at the same hour each day. Two 
men were employed for the collection of the excreta, one during 
the night and the other during the day. The excreta were caught 
in tin vessels, the one used for the urine being so constructed as 
to prevent loss by spattering. There was a loss of urine in but a 
single instance and that was small. The weights of urine and 
feces recorded represent that which was voided during twenty- 
four hours, from 6 o’clock a. m. The animal was milked four 
times a day at as nearly uniform time as practicable, viz., 7 a. m., 
noon, 5 p. m., and midnight. 


THE RATIONS. 

The first matter requiring attention in the experiment was the 
selection or preparation of foods containing small amounts of phos- 
phorus. It was found that rice, wheat gluten and oat straw were 
as low in phosphorus as any feeds that could be selected and these, 
combined with the washed wheat bran, constituted the ration low 
in phosphorus. 


The extraction of phytin from the wheat bran was easily accom- 
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plished. The bran was allowed to soak over night in warm water, 
a slight acid fermentation being induced. When the water showed 
a slight acidity to litmus, the bran was placed in sacks and thor- 
oughly leached with more water. After being air-dried it was ready 
for use. 

The high phosphorus ration was made up from oat straw, hominy, 
whole wheat bran and wheat gluten. Through the use of the wheat 
giuten which contained from 70 to 75 per cent. of protein, it was 
easy to regulate the protein supply so as to make it fairly uniform 
in the two rations. 


METHOD OF SAMPLING AND ANALYSIS. 


The rations were weighed out at several different times during 
the course of the experiment and each time this was done sam- 
ples were taken of the various feeds. The similarity in composi- 
tion of these several portions indicates that the mixing and sam- 
pling were thoroughly accomplished. The milk, urine and feces 
were taken directly to the laboratory and immediately weighed and 
sampled, excepting that the noon and night’s milk was kept in an 
icebox until morning when the product for an entire day was 
thoroughly mixed together and sampled. Reserve samples of milk 
and urine were always kept, fermentative changes in these being 
prevented by the use of formaldehyde and toluol. The feces were 
thoroughly mixed by prolonged stirring and five pound samples 
of the fresh material were taken for drying and for nitrogen de- 
terminations. These samples were dried over steam coils at a 
temperature not exceeding 60° C. 

In general the analytical methods of the A. O. A. C. were fol- 
lowed. During some of the time the fat in the milk was estimated 
both by the Babcock and ether extraction methods. Neumann’s 
method was used in all the total phosphorus determinations. For 
the separation of inorganic from organic phosphorus the method 
described in Bulletin No. 238 of this Station was employed. This 
method also gave an opportunity to estimate what we have called 
“fixed” phosphorus and which probably quite closely represents 
the phosphorus of the true nucleo-proteids and nucleins. In the 
urine only total phosphorus was determined, as attempts to separ- 
ate inorganic from organic forms, even if the latter existed in appre- 
ciable quantities, were futile. | 
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THE CHARACTER AND SEQUENCE OF THE RATIONS IN THE PHYTIN 
EXPERIMENT. 


This experiment, which was begun in February, 1904, was based 
chiefly on variations in the phytin content of the rations and was 
finally executed in general accordance with the following scheme: 

Ration 1.—A low phosphorus ration was fed from noon March 
8 to the morning of March 17. The animal had been slowly 
brought to this ration by preliminary feeding for 9 days previous 
to March 8. 

Transition period.—A gradual change from a low phosphorus 
ration to one high in phosphorus, occupying from noon March 17 
to the morning of April 5. During this period the washed bran 
was decreased one-half pound daily, the same amount of the whole 
bran being substituted. The rice was decreased by about one- 
third of a pound per day and the hominy feed increased one-fourth 
of a pound. The wheat gluten was decreased 12 grams or about 
one-fortieth of a pound daily. 

Ration 2.—The high phosphorus ration was fed from noon April 
5 to the morning of April 19. This ration differed from Ration I 
in that its content of phytin phosphorus was approximately twenty 
times as large. 

Ration 1.—Sudden change from a high phosphorus ration to 
one low in phosphorus, the latter being fed from noon April 19 
to the morning of May 2. This ration was eaten satisfactorily 
until the morning of April 24 when it was refused. The animal 
became seriously constipated and as impaction was feared, one- 
half pound of Epsom salts was administered with negative results. 
On April 25, one and one-fourth pounds of Epsom salts was 
given and the ration withheld at noon. This produced the 
desired result and the animal began to eat again on the 26th, only 
part of the ration being given. The amount fed was increased 
until on the 28th of April the cow was receiving her full ration 
(Ration 1) and appeared perfectly normal. 

Ration 2.—Sudden change from the low phosphorus ration to 
the one high in phosphorus. Ration 2 fed from noon May 2 to 
the morning of May 15. 

Transition period.—From noon May 15 to noon May 20. Dur- 
ing this period the unwashed bran was decreased 2 pounds daily 


New YorK AGRICULTURAL EXPERIMENT STATION. 65 


and the washed bran substituted by the same amount. The hominy 
feed was decreased 1 pound daily and the rice increased 134 pounds 
daily. The wheat gluten was increased about 1-5 pound daily. 
Marked dryness of the feces accompanied this transition but the 
animal continued to consume all the ration. 

Ration 1.—The low phosphorus ration was fed from noon May 
20 to the morning of June 17. 

Ration 2——Sudden change from a low phosphorus, to a high 
phosphorus, ration, the latter being fed from noon June 17 to the 
morning of June 24. 

This experiment covered 108 days. The collection and analysis 
of the urine and feces covered 71 days, this being done continu- 
ously during 54 days. A complete analysis of the milk was made 
daily. 


NUMERICAL RESULTS OF THE EXPERIMENT. 


Extensive data were necessarily recorded in an experiment in- 
volving such numerous weighings and analyses during a period of 
over three months. The figures herewith presented are confined to 
those which are essential to a critical analysis of our conclusions. 

The tables are made up either of daily records or of averages 
for certain periods and cover those times when it was believed 
that the animal had adjusted herself to the ration being fed. In 
some cases the effects of the transition periods are shown. The 
tables that follow are arranged under the following heads: 

Table 1.—The rations fed. 

Table 2.—The composition of the feeding stuffs used. 

Table 3.—Quantities and percentages of digestible nitrogen and 

dry matter fed. 

Table 4.—Percentage composition of the milk with both high 
and low phosphorus ingestion, including a transi- 
tion period. 

Table 5.—Percentages of various forms of phosphorus in milk. 

Table 6.—Total phosphorus balances. 

Table 7.—Distribution and balances of nucleo-proteid phos- 
phorus. 

Table 8 —Distribution and balances of soluble organic phos- 
phorus compounds. 
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Table o.—Distribution and balances of inorganic phosphorus 
compounds. 
Table 10.—Relation between nitrogen and phosphorus excretion. 
Table 11.—Effects of the ingestion of phosphorus compounds 
upon the composition of the milk, shown by periods. 
Table 12.—Effects of the ingestion of phosphorus compounds 
upon the yield of milk and milk solids and upon the 
excretion of urine. 
TABLE I.—TuHeE RATIONS FED. 
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TABLE I].—THE COMPOSITION OF THE FEEDING STUFFS USED. 
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TaBLE III.—QUANTITIES AND PERCENTAGES OF DIGESTIBLE NITROGEN AND 
Dry MaTTEeR FED. 
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TABLE VI.—TotTat PHosPHORUS BALANCES. 
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DATE. 
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@ Cisse @ es os 6 es 6 6 8 6 8 
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May 22-26 
June 18-24 
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| Fed daily. 
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In feces. 





In milk. 











DAILY INCOME AND OUTGO OF PHOSPHORUS. 





In urine. 








TABLE VII.—DistTRIBUTION AND BALANCES OF NuUCLEO-PROTEID 
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PHOSPHORUS. 
DAILY INCOME AND OUTGO OF FIXED 
poids PHOSPHORUS. 
DATE nee = 
s phorus |— ; 
fed daily. Fed poe ey | In milk. | In urine. 
Grms. Grms. Grms. | Grms. Grms. Grms. 
Meret wl Os LO aret tect uals canis aah LZ 8 2G 6.6 So 2.6 .00 
Te Doe Seem ede Hie aise eases TSA 24.4 ORD te E29.) .00 
EDEN EO Se VA VoLic oes co e.nn oie 16.0 9.0 Sak 6.9 iS .00 
CE SINS Othe OE tek lon, Sialic oP SE es a Sa.c0 28.6 ine a yhtes are .00 
INA VEE O-2OteE oe er oe: 21.4 14,2 150 Oree 2.4 .00 
JTS UR Bet og 2 Pa ei eee © eae | ter os 7.8 5.2 2.6 .00 




















TABLE VIII.—DIsTRIBUTION AND BALANCES OF SOLUBLE ORGANIC 
PHOSPHORUS COMPOUNDS. 








= She 6) 6/6 6 0) 6 & (0 6 V0 e's 


% tes Che, we Be Bb ee 8 8) 6. 


Gi Sae, UY S 60ers 6 Bie, Sie 





SIPMEAISILe (del 6a 8 ¥0 a, 6 lenels.6 6 
SLORe wl & xe 6 Je) ecole eet .@ 76.) 


Total 

phos- 

phorus 
fed daily. 





DAILY INCOME AND OUTGO OF SOLUBLE 
ORGANIC PHOSPHORUS. 


Fed. outgo (heel In milk. 
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TaBLE IX.—DIsTRIBUTION AND BALANCES OF INORGANIC PHOSPHORUS 




















COMPOUNDS. 
Total DAILY INCOME AND OUTGO OF INORGANIC 
nae PHOSPHORUS. 
DATE. phorus = |—————_—_———_—— ee ee 
daily. Fed otal) Tn In In 
; outgo feces. milk. urine. 
Grms. Grms. Grms. | Grms. | Grms. Grms. 
MATCH ELO—UGOs.. vor ¢ ere bse arbre there 12.8 2.63 aes 2.8 | iti as mpl k 
April 12-18....... Pe SAE a ORE esas 2G 56.6 44.1 | 8.6 3.9 
DEES — Wa Valin, soc ore shales thee 16.0 Pada, one 4.9 | 7.9 “iff 
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TABLE X.—RELATION BETWEEN NITROGEN AND PHospHORUS OUTGO. 
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TABLE XI.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS UPON 
THE COMPOSITION OF THE MILK, SHOWN BY PERIODS. 
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eRe ace this 74 QDS Phra Wy Sy kil 5.62 
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TABLE XIJ.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS UPON 
THE YIELD OF MILK AND MILK SOLIDS AND UPON THE EXCRETION 
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DISCUSSION OF RESULTS OF EXPERIMENT 1. 


The following is a somewhat concise statement of the main 


results of the foregoing experiment, a fuller discussion being re- 


served until after a consideration of the outcome of further experi- 


ments. 


1. The comparative nutritive value of the rations —It is shown 
by the figures of Table 3 that outside of the changes brought 
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about by washing the bran there was nothing in the kind, quanti- 
ties, or variations in the nutrients fed that could account for the 
different effect of the two rations. The digestible dry matter con- 
sumed varied from 13.3 pounds to 16.1 pounds daily, of which 
from 2.6 pounds to 2.9 pounds consisted of digestible protein. In 
no period was the ration so scanty as to produce abnormal results 
and the change in the quantity of digestible dry matter and protein 
eaten did not especially favor either ration. 

2. The amounts and forms of ingested phosphorus in the two 
rations—The amounts of phosphorus ingested in the several 
periods varied greatly, ranging from 12.8 grams to 21.4 grams 
daily in the low phosphorus period, the daily quantities in the 
three high phosphorus periods being 78.7 grams, 83.3 grams and 
80.7 grams. These differences were brought about chiefly by 
removing the phytin from the bran, 62 per ct. to 65 per ct. of the 
phosphorus supply in ration No. 2, or from 51 to 52 grams daily, 
being carried in this compound. The daily amount of fixed phos- 
phorus in ration 2 varied from 24.4 to 28.6 grams or from 31 
per cent. to 34 per cent. of the whole. The quantity of proteid 
phosphorus in this ration was two or three time greater than that 
of ration 1, because of the fact that the unwashed bran and hominy 
feed contained much more phosphorus in insoluble forms than did 
the washed bran and rice. The amount of inorganic phosphorus 
fed, which was found entirely in the straw, was very small and was 
uniform in quantity. It is clear, therefore, that in studying the 
comparative effect of these two rations as far as phosphorus com- 
pounds are concerned, our attention should be fixed mainly upon 
phytin and what we have designated as the fixed phosphorus com- 
pounds or what doubtless approximate very closely to the nucleo- 
proteids and nucleins. (See Tables 6 and 7.) 

3. The relation in amounts and forms of the ingested and the ex- 
creted phosphorus.—The amount of outgoing phosphorus followed 
in a general way the quantity ingested, but within narrower limits. 
it is interesting to note that the animal excreted considerably more 
pnosphorus than she received during the time that the washed bran 
ration was being fed. The fact is worthy of record that she was 
maintained in an apparently healthy condition on a ration which 
supplied 21.2 grams of phosphorus daily from May 20 to May 26, 
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and only 15.6 grams daily from May 26 to June 16, and at the end 
of the 27 days she was found to be losing an average of 26 grams 
per day. 

On the other hand, when the supply of phosphorus was liberal 
(Ration 2) there was a storage of that element in the body of the 
cow, amounting in one period to an average of 8 grams daily, while 
in another the average was 13 grams. , 

The proportionate distribution of the outgoing phosphorus among 
its various compounds was quite unlike what was found in the food. 
Through catabolic changes all, or nearly all, the phosphorus of the 
phytin and of the unused digested proteids was reduced to inorganic 
forms which were excreted. The variations in the quantities of the 
outgoing phosphorus in the several periods were found, therefore, 
to consist almost wholly of changes in the proportions of inorganic 
salts of this element in the egesta. The data furnish no evidence 
that any synthesis of the phosphorus-bearing proteids occurred. The 
quantities of these latter bodies in the milk and egesta appear in no 
case to be materially greater than the food supply. (See Tables 6-9.) 

4. Distribution of outgoing phosphorus compounds in the milk 
and egesta,—Variations in the amount of outgoing phosphorus, cor- 
responding to the rise and fall of phosphorus compounds in the 
rations, took place chiefly in the feces, though to a small extent in 
the urine. Moreover, as previously indicated, this increase or de- 
crease in the phosphorus bodies of the egesta was found to occur 
almost wholly with the inorganic salts. The percentage of these 
salts in the milk suffered no appreciable change. The proportions of 
organic phosphorus bodies remained fairly constant in the milk and 
egesta in spite of marked changes in the quantities of the ingested 
phosphorus compounds. It is especially noteworthy that the secre- 
tion of casein, the characteristic nucleo-proteid of milk, seemed to be 
in no way affected by the food supply of similar bodies or by varia- 
tions in the phosphorus supply in other forms of combination, even 
when there was a phosphorus deficiency during a long period. (See 
Tables 6-0.) 

5.-Physiological effects due to variations in the phosphorus bodies 
of the two rations——No evidence appears that the increase or de- 
crease of the phosphorus compounds in the ration influenced either 
the digestibility of the total dry matter or of the nitrogen com- 
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pounds, neither was the storage or excretion of nitrogen appurently 
affected. No relation was found to exist between the nitrogen and 
phosphorus balances. Certain well defined and marked effects were 
observed, however. (See Tables 3 and Io.) 

In our attempts at transition from one ration to the other we soon 
learned that it was not possible to change the cow suddenly from a 
ration rich in phytin to one low in this compound and keep the 
animal in normal health. Such a change caused her to become 
seriously constipated and recourse to a purgative was necessary. 
When the change from the unwashed bran to the washed bran 
ration was made slowly the animal gave no evidence of serious dis- 
turbance of health and appetite but the feces always became much 
darker in color and much dryer. 

The removal of the phytin from the bran had the effect of 
materially diminishing the volume of urine. Marked changes in 
the amount and character of the milk secreted were also observed. 
The transition from the high-phytin, to the low-phytin, ration 
caused an increase in the volume of milk accompanied by very large 
decrease in its percentage of fat. As shown in Table 4, the maxi- 
mum decrease in fat amounted to I.4 per ct. and kept pace with 
the withdrawal of phytin from the ration. The total solids de- 
creased about .8 per ct. Table 4 also shows that the maximum 
decrease in the percentage of fat was not permanently maintained 
but that even during the feeding of the low phosphorus ration there 
was a slow restoration of the proportion of fat, although the per- 
centage did not rise to as high a point as was found during the 
feeding of the high phytin ration. (See Tables 4, 11 and 12.) 

6. Influence of the two rations upon production.—Although the 
increase in milk flow tended to counteract the decreased percentage 
of fat, nevertheless the total fat production in a given length of time 
was considerably lessened by the substitution of washed bran for the 
unwashed. Similar results did not obtain with the total solids and 
Casein, 366 ilable: 12.) 

7. Oestrum period.—lIt is a very suggestive fact that the oestrum 
appeared with this animal for the last time on June 12, a dis- 
turbance which followed a long continued feeding of the washed 
bran ration. Whether the cessation of this period was in any way 
connected with the removal of the phosphorus and its associated 
elements from the bran can be at present only a matter of theory. 
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EXPERIMENT II. 

This was a comparison of rations carrying varying quantities of 
nucleo-phosphorus, with minor differences in their phytin content. 

In the winter of 1904-1905, another experiment was carried on 
in continuation of the work described on the foregoing pages. As 
stated, our original plan involved mainly a study of the influence on 
milk secretion of rations rich and poor in nucleo-phosphorus. ‘This 
second experiment was planned, therefore, with especial reference 
to this phase of our general investigation. Its general procedure 
was very similar to that followed in the first experiment, viz., the 
feeding of two rations in different periods which differed in an 
emphatic way in their content of a particular class of phosphorus- 
bearing bodies. In this instance the variation was made with those 
phosphorus compounds insoluble in dilute hydrochloric acid, con- 
sisting mainly of the nucleo-proteids and nuclein. 


THE EXPERIMENTAL ANIMAL. 

This animal (Cow 2) was a vigorous grade Holstein weighing 
966 pounds, that was in good condition when placed in the experi- 
ment and was from one to two months advanced in the period of 
lactation. She manifested a vigorous appetite throughout the entire 
experiment and consumed daily all the food offered. Her health 
remained apparently unimpaired by the food and treatment which 
she received. | 

MANAGEMENT OF THE EXPERIMENT. 

The details as to the place where the experiment was conducted, 
the collection of milk and excreta, the sampling and analyses of the 
foods and excreta and the feeding of the rations, were in all re- 
spects quite like those of the first experiment. The fat in the milk 
was estimated by both the Babcock and the ether-extraction 
methods. The results by these two methods agreed so closely that 
the figures obtained by the Babcock method are the ones used. 


THE RATIONS. 

Variations in the supply of nucleo-phosphorus in the rations were 
accomplished in the following manner: A basal ration was com- 
pounded consisting of rice, washed bran and oat straw. To this 
was added germ oil meal in order to increase the supply of nucleo- 
phosphorus. This meal was found to be especially rich in forms of 
phosphorus insoluble in dilute hydrochloric acid. An estimation of 
the purin bases, after cleavage with dilute hydrochloric acid, showed 
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this material to be rich in nucleins, assuming, of course, that these 
bases can only originate from nucleo structures. The ration poor in 
nucleo-phosphorus was compounded by withdrawing the germ oil 
meal and substituting for it wheat gluten and rice meal. It was ex- 
pected that the amounts of digestible dry matter and protein would 
be quite similar in the two rations. 

CHARACTER AND SEQUENCE OF THE RATIONS. 

During a preliminary period ration 1 was fed for several days in 
order to adjust the animal to its influences before observations 
were taken. 

Ration 1—Maximum amount of nucleo-phosphorus. Observa- 
tions with this ration were begun at noon December 20, this period 
continuing to the morning of January 3. 

Transition period—From noon January 3 to the morning of 
January 6. During this period the germ oil meal was reduced 1%4 
pounds daily and the rice was increased 1 pound daily. One-half 
pound of wheat gluten was added each day. 

Ration 2—Minimum amount of nucleo-phosphorus. This ration 
was fed from noon January 6 to the morning of January 109. 

Ration 1—A sudden change was made from ration 2 to ration I 
and the latter was fed from noon January 19 to the morning of 
February 2. 

Ration 2.—A sudden change was made from ration 1 to ration 2 
and the latter was fed from noon February 2 to the morning of 
February 16. 

The period of observation in this experiment covered 58 days, 
during which time there was a continuous collection and analysis of 
the milk and excreta. | 

THE NUMERICAL RESULTS OF THE EXPERIMENT. 

As in the discussion of the first experiment the tables are made 
up either of daily records or of averages for periods in which it 
was believed the animal had become adjusted to the ration that was 
being fed. A great mass of data was accumulated which is pre- 
sented in a summarized form. The tables that follow are displayed 
under several heads. 

Table 13.—The rations fed. 

Table 14.—The composition of the feeding stuffs used. 

Table 15.—Quantities and percentages of digestible nitrogen and 

dry matter fed. 
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Table 16.—Percentage daily composition of the milk with both 
high and low phosphorus ingestion, including two 
transition periods. 

Table 17.—Percentages of various forms of phosphorus in milk. 

Table 18.—Total phosphorus balances. 

Table 19.—Distribution and balances of nucleo-phosphorus. 

Table 20.—Distribution and balances of soluble phosphorus com- 
pounds. 

Table 21.—Distribution and balances of inorganic phosphorus 
compounds. 

Table 22.—Relation between nitrogen and phosphorus excretion. 

Table 23.—Effects of the ingestion of phosphorus compounds 
upon the composition of the milk. 

Table 24.—Effects of the ingestion of phosphorus compounds 
upon the yield of milk and milk solids and upon the 
excretion of urine. 


TABLE XIII.—THE RATIONS FED. 








| Ration 





INGREDIENTS. | No. I. INGREDIENTS. | aa 
Oat straws tniete la Moe eae 10 lbs. Oat Straw ett Gore ee eee 10 lbs. 
Washed brani .ia5. 4.0 oe eee 1 Dine Washéd bran, .t- 5 ate oe Oe 
ord @étmiiineal 2 'c0 Ls Balen 6. *.) + Wheat gluten ilies eee aes 
RIC ewe a Is Aen se se ee Soa l ORHGec mead ee ones heen eee Tie 
Baw 16 ieee aa 
LOCALES CP eae te Geena 29 lbs | "Total [iixctocane< Ghana eee | 29 lbs 





TABLE XIV.—THE CoMPOSITION OF THE FEEDING STUFFS USED. 





| PHOSPHORUS. 



































FEEDS. | Water. | Protein. | Fat. —_—— ——. — 
| Total. | Soluble. | Inorganic. 
) Perc. | “Per ct. > Per ct: Per ct. Per ct. Per ct. 
Oatistrawte cer ot eee 9.76 | 4.25 1.87 - 156 alan os 
Wiashed bran eee ene ae 8.40 10.93 4.13 .145 .054 .00 
Ricetmeal 2 yee eee 13.04 W225 473) .074 .006 .00 ! 
Corn ’perm meals) eee. 8.26 | 22.50 8.70 rhe h Wy APA pa .00 
Wihedtaeliiten sa sae een | 6.84 | 72.80 1.44 Oa .008 .00 








TABLE XV.—QUANTITIES AND PERCENTAGES OF DIGESTIBLE NITROGEN AND 
Dry MaTTER FED. 





























Sipe DRY MATTER DAILY. NITROGEN DAILY. 
DATE Dnos- ay, ES ee ey Oe Sn ee oe ae err... 
fed Gail Fed hye tae teeth Fed In Di- 

+ fe "aj feces. gested. ; feces. gested. 

Grms. | Grms. | Grms. Per ct. Grms. Grms. Per ct. 
Deéeckh27-jann 2a Bi 12056 4917 59.2 226.1 93 .2 58.7 
An viaoratinn Qareeee 18 11906 4236 64.4 oT070 83.5 69.1 
Alien e bee Meee suf 11967 4676 60.9 229.9 87.4 61.9 
eb. 10-Feb. 16.... 20 | 11831 4408 6202 289 84.6 TOea 
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TABLE XVIII.—TotTaL PHospHorus BALANCES. 








DAILY INCOME AND OUTGO OF PHOSPHORUS. 











oe a a es ae 




















DATE 
Bed Total In In In 
: outgo. feces. milk. urine. 
i=. tn ts SE eee Sed | Se, | eee ee ae ee, 
Grms. Grms, Grms. | . Grms. Grms. 
DCE a VAT Us als dace whee feevals 3 ta 42 Ata 17.5 . 
LO SLO ers eho sists whee 18 SOn2 1364 18.5), .09 
iar NCD: 2 erec coe tec che c+ or 39.8 Dorel Dens | ACA r¢ 
MeL LO— 1 Ol ate a laters cx 'o s 20m 29.2 10.9 | 18.2 | 07 








TABLE XIX.—DISTRIBUTION AND BALANCES OF NUCLEO-PHOSPHORUS. 
CeCg<€AAQFNFTFNRERERHEFHFH——oOmNE—E—E—e—E—E™=~aoOoOoOoOoeeeeS oO 






































Total DAILY INCOME AND OUTGO OF FIXED PHOSPHORUS. 
Nie Ur EGE eeepc ce rar gra ac come rena amare 
| ,Phorus | Total In | In In 
fed daily. Fed. outgo. | feces. | milk. urine. 
———_ | ——. —_—_— | —. 

Grms. Grms. Grms. | Grms. | Grms. | Grms. 
ha to ek Pi ae as A tA Fs | FANG ieee | ree) So | ea 
vee Bi eben. oa ecdel en cH S7 ee 2l <2 19-dr Pome 20: a SS 5 :00 
eta LO Oe ies) ace bral ataicle’ sc 20 | 11.4 10.5 6.8 | 3.7 -00 











TABLE XX.—DISTRIBUTION AND BALANCES OF SOLUBLE PHOSPHORUS 


























COMPOUNDS. 
DAILY INCOME AND OUTGO OF SOLUBLE ORGANIC 
Total PHOSPHORUS. 
DATE. phos- — gaan eT 3 
phorus Total Thi cer ine Fhe It 
fed daily. Fed. outgo. feces. | milk | urine 
| 
— | ——— | 
Grms. Grms. Grms. Grms. | Grms. | Grms. 
0S Oug by co Ee ee i OV Telee I 3 .4 | 1.9 .00 
ATL Oe ee 18 45 ht 3.2 1.4 1.8 .00 
AVM dN e bee at cicrek ee ea. 37 1 hae Sian eo 1.7 .00 
elie OS Ge tot. cares sore auton. 20 4.8 | 2.9 aff | 2.2 .00 











TABLE XXI.—DISTRIBUTION AND BALANCES OF INORGANIC PHOSPHORUS 
COMPOUNDS. 
0 a a a 






































DAILY INCOME AND OUTGO OF INORGANIC PHOS- 
Total PHORUS. 
phos- ie ee ene pene, | Biny an 
DaTE phorus | ; 
fed daily. Fed Total In In In 
is outgo. feces. milk. urine, 
Grms. Grms. Grms, Grms. Grms. Grms. 
DSC VAN i Oe eas hls scleue e om 4.7 Qh 15.0 i Pha ie 
BMP LOL ONS Prince Mevshsiearete ee 18 ai Wine 4.1 toad .09 
Ale Maeva 2 ters te eiciecs ote 37 Aah OA AG Uae 125 .O7 
ysis MNO Kaleo ener er Ae ne 20 4.4 15.8 3.4 Ups 07 
So eeleleleleoooooOT09DnaumEeeeee,:, 
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TABLE XXII.—RELATION BETWEEN NITROGEN AND PHOSPHORUS 






































EXCRETION. 
NITROGEN, | DAILY INCOME AND OUTGO OF PHOSPHORUS. 
clea NER oe Tine Total | Soluble; I 
n- ota oluble n- 
hin gage Fed. ee organic ex- ex- organic 
ssf Ih tna : fed. creted. | creted. | creted. 
| ae ae Grms.| Grms. Grms. Grms. Grms. Grms. 
Dec. 27-Jan. 2.. 226 | 217 Near .o 15.8 4.7 42.0 30.4 27.2 
anise Lo—1LOb ase 270 266 | 18.2 8.8 | 4.7 30.2 20.3 Lise 
an. 27-Feb. 2. 229 | 212 | 31.0 ise: 4.7 39.8 28.4 27.2 
epee lO GS. 279 | 263 | 207.2 8.8 4.4 29.52 18.6 1.4 
| | | 

















TABLE XXIII.—EFFectTs oF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE COMPOSITION OF THE MILK. 














Total IN THE MILK. 
phos- qaSsSaco AS = SS: 
Date phorus 
| fed daily. | Proteids.| Casein. Pate Sugar. } ‘Solids. 
a —— Seanenennnnniiemmntitiemnent | eee eee 

Grms. Per ct. Per ct. Per ct. Per ct. Per ct. 
Decs:27—Janie2. oe ieee ees 37 2.58 2.09 2278 ee Fe 10.87 
BNI A1S = LON Pe eee 18 Pape Fi 2.19 2.74 5.49 11.00 
an: s27—Reb. 323.) a eiaehtue SV 2.66 PAPO A 2.83 5.67 11.08 
eb LO=$16 2s Saas eee 20 2.81 2.29 Zeon 5.49 10.97 











TABLE XXIV.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE YIELD OF MILK AND MILK SOLIDS AND 
UPON THE EXCRETION OF URINE. 



































Dios. ; DAILY YIELD MILK SOLIDS. | Weight 
Date, | phorus me Soe _| urine, 

fed daily. Casein Fat Total. daily. 

nitrogen : solids. 

Grms. Grms. Grms. Grms. Grms. Grms. 
Dec. -e7—lan' ww, pam 3 16715 oe 464 1812 3600 
Natit bom bit (LOM, Lecia eles 18 17620 61 482 1935 5752 
Fane ai—Heb. nl sare Ge ane 37 16768 58 462 1858 4528 
Febw10—PebielG.... secs 20 16960 61 452 1860 5468 
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DISCUSSION OF RESULTS. 


The data furnished by this experiment appear to justify the fol- 
lowing statements: 


1. The comparative nutritive value of the rations——The quantity 


of digestible dry matter fed daily varied in the several periods from 
15.7 pounds to 16.9 pounds, the amounts ingested in the two high 
phosphorus periods being not greatly unlike what was eaten in the 
two low phosphorus periods. The quantities of digestible protein 
consumed in the several periods varied from 1.8 pounds daily to 2.8 
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pounds. The low phosphorus ration carried in all cases more 
digestible protein than did the other ration. The supply of nutrients 
was abundant in all periods. (See Table 13.) 

2. The amounts and forms of ingested phosphorus in the two 
rations—The quantities of phosphorus compounds which the two 
rations carried were not so greatly unlike as was the case in the 
arst experiment. In both periods of the higher phosphorus feeding 
the amount of ingested phosphorus was 37.3 grams, while in the 
other two periods the quantity was 18.2 grams and 20.2 grams re- 
spectively. The proportions of the various classes of phosphorus 
compounds in the two rations were quite unlike what was found in 
the first experiment. Approximately 57 per ct. existed in forms 
insoluble in dilute hydrochloric acid or what we believe to be 
chiefly nucleins and nucleo-proteids. Thirty per ct. existed as 
soluble organic phosphorus in ration 1 and from 23 to 24 per cent. 
in ration 2. The inorganic phosphorus remained practically a con- 
stant quantity in the two rations, viz. 4.7 grams daily. This experi- 
ment was also unlike the first one in that the two rations differed 
chiefly in the quantities of insoluble phosphorus compounds which 
they carried rather than in the proportions of phytin. (See Tables 
18-21.) 

3. The relation in amounts and forms of the ingested and the 
outgoing phosphorus.—In no period was the quantity of ingested 
phosphorus equal to the outgoing amount. With ration 1 this de- 
ficiency was from 2.5 to 4.7 grams daily, while with ration 2 it was 
I2 grams in one period and 9g grams in the other. These data fur- 
nish another illustration of the fact that a cow is able to make good 
a phosphorus deficiency in the ration from the store contained in 
her body. We regard it as unfortunate that in this experiment we 
were not able to feed an excess of phosphorus compounds in the 
high phosphorus ration. 

In regard to the proportionate distribution of phosphorus com- 
pounds in the ingesta as compared with the egesta, the facts are 
essentially similar to what was found in the first experiment. The 
quantity of excreted phosphorus increased and decreased with the 
amount fed, and as in the first experiment the variations in the out- 
going amount were found to occur chiefly with the proportions of 
inorganic forms in the egesta. (See Tables 18~21.) 


é 
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4. Distribution of outgoing phosphorus compounds in the milk 
and egesta.—The variations of the outgoing phosphorus are again 
found to occur almost wholly in the feces through a rise or fall of 
inorganic forms. This second experiment furnishes no evidence of 
changes in the distribution of other forms of phosphorus in the 
milk and egesta, due to variations in the quantities of phosphorus 
compounds in the ration. (See Tables 19-21.) 

5. Physiological effects due to variations in the phosphorus 
bodies of the two rations —There is a marked difference between 
this experiment and the first one in the extent, at least, of the 
physiological disturbances observed. The results are alike in that 
the amount of phosphorus excretion had no effect upon the storage 
or excretion of nitrogen. The results are unlike in the influence 
of changing rations upon the health of the animal and the con- 
dition of the feces. Nothing like constipation was observed, nor 
was there any marked change in the condition or color of the fecal 
discharge. . 

There was a perceptible, though not marked, variation in the 
volume of urine in the several periods, the change being in the 
reverse direction from that observed in the first experiment. In 
other words, the volume of urine was larger with the smaller 
phosphorus supply. The fact that the low phosphorus ration in 
this experiment carried the larger amount of digestible protein 
may in part account for this increase in the volume of urine. 

An examination of the figures shows that the volume of milk 
was somewhat larger during the low phosphorus period and that 
there was a small but perceptible lowering for a time, at least, 
of the percentage of fat in the milk. These changes are small, 
however, and not nearly as emphatic as was the case in the first 
experiment. (See Tables 22-24.) 

6. Effect of the two rations upon production—While the pro- 
duction of total milk solids, as well as of casein and fat, varied 
somewhat in the different periods, the data do not consistently show 
that these changes were due to the influence of the food. (See 
Table 24.) 
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EXPERIMENT III. 


This was a repetition of the experiment involving variations in 
the phytin content of the rations. 

In the experiment of 1904 (Experiment 1), in which the rations 
were made to differ chiefly by the substitution of washed for 
unwashed wheat bran, thus causing very large variations in the 
phytin content of the food, certain very remarkable results were 
obtained, which should not be accepted as final without substantia- 
tion through further observations. Consequently it was decided 
to repeat the phytin experiment, and as the animal used in Experi- 
ment 2 had become accustomed to experimental conditions and to 
the washed bran ration, it was decided to continue work with her. 


THE EXPERIMENTAL ANIMAL, 


The animal has been described in the details given for the nucleo- 
proteid experiment. (Experiment 2.) 


MANAGEMENT OF THE EXPERIMENT. 


The management of this experiment was similar in all its details 
to that of the two former experiments, other than some differences 
which may have occurred in the sequence of the feeding periods. 


THE RATIONS. 


The components of the ration, outside of the bran, were oat 
straw, rice and wheat gluten. To these basal feeds washed bran 
was added in certain periods and unwashed bran in others. In 
the first experiment when the change was made from the washed 
bran to the unwashed bran ration, hominy feed was substituted 
for the rice meal. In this experiment this substitution did not 
take place but the rice meal was continued in both rations. By 
this arrangement the variations in the nucleo-proteid content of 
the rations were not emphasized by the substitution of hominy 
meal for the rice. As in the other experiments the protein supply 
was regulated by varying the quantity of wheat gluten. 


CHARACTER AND SEQUENCE OF THE RATIONS. 


Reference to the nucleo-proteid experiment shows that the cow 
during the last period of that experiment was fed the washed 
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bran ration. It was necessary, therefore, that in the first period 
of this second phytin experiment there should be fed a ration con- 
taining unwashed bran. | 

Ration 1.—At noon on February 16 the cow was suddenly 
changed to the ration containing the unwashed bran. She con- 
sumed the entire ration on the 16th and two portions of it on 
the 17th and refused the third portion. It was thought that possibly 
the quality of the bran was the cause of this refusal to eat, and, 
consequently, a bran of superior quality procured from a nearby 
mill, was tried but with no avail. The cow continued to refuse the 
ration during the 18th and 19th. On the 20th she was offered small 
portions of washed bran which were eaten with a keen appetite. It 
was clearly indicated that the sudden introduction into the ration of 
certain bran constituents was responsible for the change in the 
animal’s appetite. Her health did not seem to be impaired. She 
was not feverish and while her feces had become somewhat softened 
in consistency, there was nothing in her outward appearance that 
indicated an abnormal condition of health. During this time of im- 
paired nutrition the flow of milk was considerably lessened, as was 
the excretion of feces and urine. 

Ration 2.—Fed from noon February 20 to the morning of Feb- 
ruary 25th. The change back to the washed bran ration was sudden, 
the entire daily portion being wholly consumed. A normal milk 
flow was soon re-established. , 

Transition period.—This was begun at noon February 25 and 
was completed on the morning of March 9. An attempt was made 
to transfer the animal from ration 2 to ration 1 by the daily sub- 
stitution of two pounds of unwashed bran for an equivalent weight 
of washed bran, with an accompanying daily decrease of one-half 
pound of wheat gluten. This method appeared to be successful up 
to the point where the cow was receiving 6 pounds of unwashed 
bran. The first day that 8 pounds of unwashed bran was fed the 
ration was not wholly consumed. The next day the cow again re- 
fused to eat and it became necessary to place her back on a ration 
containing 4 pounds of unwashed bran and 6 pounds of the washed. 
This mixture was heartily eaten and from this point the food was 
slowly changed to the high phytin ration by the daily addition of 1 
pound of unwashed bran and some days only one-half pound, with 
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a corresponding decrease in the washed bran. In this way.the 
transition was successfully accomplished. 

Ration 1—Fed from noon March g to the morning of March 109. 

Transition period—From noon March 19 to the morning of 
March 23. 

During this time two pounds of washed bran were substituted 
daily for 2 pounds of the unwashed and when the ration contained 
6 pounds of washed bran, one-half pound of wheat gluten was 
added daily to supply the deficiency in protein. At the end of this 
period the feces had become hard and dry. 

Ration 2.—From noon March 23 to the morning of April Io. 

Ration 1.—At noon April 10, the cow was suddenly transferred 
to ration 1 which she ate heartily for two days and then refused 
further portions. She was then placed on a ration containing 4 
pounds of unwashed bran and 6 pounds of washed bran, which she 
completely consumed on April 12. 

Transition period—From noon April 12 to the morning of 
April 18. 

Starting with the ration which was fully consumed on April 12, 
a change was made gradually to ration 1 by the daily substitution of 
1 pound of unwashed bran for an equivalent quantity of the washed, 
the wheat gluten being decreased by one-half pound. 

Ration 1.—From noon April 18 to the morning of May 2. 

Transition period.—This occupied from noon May 2 to the morn- 
ing of May 6. 

This transition was accomplished by the daily substitution of two 
pounds of washed bran for an equal weight of the unwashed with 
a daily increaase during the entire period of one-half pound of 
wheat gluten. 

Ration 2——From noon May 6 to the morning of June 4. After 
June 4 the animal was placed with the Station herd and slowly 
brought to the ordinary milk ration. 

During this experiment a sudden change from the high idee 
ration to the one containing washed bran was found to be inad- 
visable. Abundant evidence was accumulated concerning the drier 
condition and firmer consistency of the feces when the washed bran 
was fed, apparently establishing beyond question the comparatively 
laxative effect of the whole wheat bran. 
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NUMERICAL RESULTS OF THE EXPERIMENT. 


The data of this experiment are summarized in the following 
tables, the arrangement of which is entirely similar to that fol- 
lowed in discussing the other experiments. 


Table 
Table 
Table 


Table 


Table 


Table 
Table 
Table 


Table 


Table 
Table 


Table 


Tan 


25.—The rations fed. 

26.—The composition of the feeding stuffs used. 

27.—Quantities and percentages of digestible nitrogen and 
dry matter fed. 

28.—Percentage daily composition of the milk with both 
high and low phosphorus ingestion, including two 
transition periods. 

29.—Percentages of various forms of phosphorus in the 
milk. 


30.—Total phosphorus balances. 


31.—Distribution and balances of nucleo-phosphorus. 

32,.—Distribution and balances of soluble phosphorus com- 
pounds. 

33.—Distribution and balances of inorganic phosphorus 
compounds. 


34.—Relation between nitrogen and phosphorus excretion. 

35.—Effects of the ingestion of phosphorus compounds 
upon the composition of the milk. 

36.—Effects of the ingestion of phosphorus compounds 
upon the yield of milk and milk solids and upon 
the excretion of urine. 


TABLE XX V.—THE RaTIONS FED. 














Ration | Ration 

INGREDIENTS. tf INGREDIENTS. No. IL. 
wah: ih a aah Re THORENS Oats trawl ae re hohe eee 10 lbs 
Shoe cis oe L OT he Lae ee 10 se Washedebran.\..,c% cn ecco aieene 10z a 
Fly RR Pe Rates Pa a 7 Rice mean ocr eeueieceeee vere 
Se Oo i ao are 14 Wheat -olutéen s. 4-5.) ce heen Dk 
Art ARTA oak Merde PN a ay 28% lbs Total 2h oath  eee 29 lbs 
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TABLE XX VI.—THE COMPOSITION OF THE FEEDING Sturrs USED. 
PHOSPHORUS. 

FEEDS. Water. | Protein. Fat. ——_ 

Total Soluble. | Inorganic. 

ok ene Per ct. Per ct. Per ct. Per ct. tyr ct £ Per opal 

CBGESULO Witter tote cetiete cise ieee 10.62 5.74 1.80 .198 AS .088 
TR 85 cle eR RA ee CRY era 9.06 14.25 4.40 |) *1.27 .899 .00 
Wrasted DLA Sf Aca)s sc ates es 8.44 T1213 4.19 .145 .050 | .00 
BCERINIC AS CHNe Os sey eels 12.67 8.37 .36 084 .007 .00 
Wi HeaAGrelittern.csjent irs sche ets ss 7.41 85.5 1.56 .220 .032 .00 

{ 




















TaBLE XXVIJ.—QUANTITIES AND PFRCENTAGES OF DIGESTIBLE NITROGEN 


AND Dry MATTER FED. 





| Phos- 


DATE. | phorus 
| fed daily. 
| Grms. 

March) 12-18 .....:.: 
March 30-April 5.. .| 16 


DRY MATTER DAILY, 














Fed. | In feces.| Digested. ' 
LOSSY as lew ata ja 
Grms. | Grms. | Per ct. | 
11 484 | 3 523 | 69.3 

11 805 | 





| 4 282) 63.7 | 


NITROGEN DAILY. 


—_——— 


Fed. | In feces.| Digested. 
| | 











| 
Grms. | Grms. | Per ct. 
284.7 | 83.9 70.5 
269 82.6 | 69.3 


———————————— 
° 
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TABLE XXX.—ToOTAL PHOSPHORUS BALANCES. 























DAILY INCOME AND OUTGO OF PHOSPHORUS. 
DATE Prats Tas ey 
Fed | Lente | In feces. In milk. In urine. 
| 

ee | — eS 

Grms | Grms. | Grms. Grms. Grms. 
March #2—1S8s nae ener wT 68.4 | 43.5 | 47 10.17 
March S0—AipriliDi sn eee ee 16 | 26.8 | 10.9 15.8 .08 















































DAILY]INCOME AND OUTGO OF FIXED 
ee PHOSPHORUS. 
phos- goal ie (he 
Dare. phorus ; 
| fed daily. Fed. | aa | In pce In milk. Ke urine. 
| | 
Grms. Grms. | Grms. | Grms. | Grms. | Grms. 
MATCIN SaLS ane se ee aie Cig 23.2 | 13.4 | 9.9 3.5 .00 
March 30-April 5.002220 001. 16 96) 94) 6.1) 3.3) 00 








TABLE XX XII.—DIsTRIBUTION 


AND BALANCES OF SOLUBLE ORGANIC 


PHOSPHORUS COMPOUNDS. 


























DAILY INCOME AND OUTGO OF SOLUBLE 

oe ORGANIC PHOSPHORUS. 

pnos- patde SRE se eo 

DATE, phorus | | i 
fed daily. | Fed iy) en In feces. In milk.|In urine, 
oso a eee ee ee eee Cast RAR Lt pen ayes i ae 
| Grms Grms. | Grms. | Grms. | Grms. Grms. 

March 2-18 fant ete | PEE 50.2 | 1.58 .63 | 1205 .00 
March SO—Aprilso. see a 16 256i 


1.86 | 69) BS ig .00 








TABLE XX XIII.—DISTRIBUTION AND BALANCES OF INORGANIC PHOSPHORUS 


























COMPOUNDS. 
DAILY INCOME AND OUTGO OF INORGANIC 
Total -.} PHOSPHORUS. 
phos- [vie te. ee SUL ese 2 oe 
DATE. : phorus | i a 
ed daily. | ota : nae st 
| | Fed. outee, | In feces.} In milk./In urine. 
sat ie tint ney Grms. | Grms. | Grms. | Grms. Grms. Grms. 
March 2-18 main eee ‘ie 4.0 | 53.4 | Seal 1032 a Oye br 
Marchis0-April on ee eee 16 | 4.2 150 | 4.2 Lie2 .08 














TABLE XXXIV.— RELATION BETWEEN NITROGEN AND PHOSPHORUS 
EXCRETION. 








NITROGEN. 
DATE, 


daily. | daily. 

















ee ——— 


Fed | Outgo Fed 


Grms.| Grms.| Grms.| Grms. 
March 12-18.:.... | 284 241 re 
March 30-April 5..! 269 246 16 


DAILY INCOME AND OUTGO OF PHOSPHORUS. 























Soluble nea Total Soluble Inor- 
fed. ce d excreted.jexcreted.| ganic. 
Wee a Grms. Grms, Grms. Grms. 
54 68 45 43 
6.8 4 26.8 We} 15.4 
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TABLE XXXV.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE COMPOSITION OF THE MILK. 








eee IN THE MILK... 
phos- ee Aver a Se ec a ee 
DATE. phorus 

fed daily. |Proteids.| Casein. Fat. Sugar. Solids. 

Grms. at Per ct. Per ct. Per ct. Per ct. Per ct. 

Mare elo Ses. 4 oss dcisle ot Ti Bil O iy DOS 3.28 5.56 11.91 
MarchssO—A priledo. aos hice s ne 16 3 (055 2.45 3.09 5.46 11.59 
Apiileza—May ls ook css 77 Sees 2.66 Sato 5.47 12.41 
Marya29—Iune 4 kc ice ed bce ass 16 Snot 2.75 3.29 5.50 12,07 

















TABLE XXX VI.—EFFECTS OF THE INGESTION OF PHOSPHORUS COMPOUNDS 
UPON THE YIELD OF MILK AND MILK SOLIDS AND UPON 
THE EXCRETION OF URINE. 




















hres Yield DAILY YIELD MILK SOLIDS. Weight 
DATE. phorus milk | urine 
fed daily. daily. Casein Fat Total daily. 
nitrogen. as solids. 
Grms. Grms. Grms., Grms. Grms. Grms. 
MarCH@ z= Scien ota wrala octets 77 14606 58 478 1739 9433 
March 30-April 5....... : 16 14899 5726) 459 1726 5482 
Aprile2a—M ave ls cer. HVE 12686 53 473 1575 
May 29-June 4.......... 16 11917 Wl a 392 1438 

















DISCUSSION OF RESULTS. 


The results secured in this experiment are in the main con- 
firmatory of those obtained in Experiment 1. 

1. The comparative nutritive value of the rations.—Both rations 
supplied an abundance of digestible nutrients. The dry matter 
digested daily from ration 1 was 17.5 pounds and from ration 2, 
16.5 pounds, the amounts of digestible protein being 2.8 pounds 
and 2.6 pounds respectivelv. The difference between these two 
rations is not sufficient to account in any way for the physiological 
and other effects observed. (See Table 27.) 

2. The amounts and forms of ingested phosphorus in the two 
rations.—Ration I carrie? -~7 grams of phosphorus and ration 2, 
16 grams. Of the phosphorus in ration I, 65 per ct., or 50.2 
grams, consisted of soluble organic phosphorus compounds, which 
was practically all phytin. In ration 2 only 2.6 grams of phosphorus 
was found in soluble organic combinations. The nucleo-proteid 
phosphorus in ration 1 amounted to 23.2 grams or 30 per ct. of 
the whole, and in ration 2 9.6 grams or 60 per ct. of the 
whole, the larger amount of this form of phosphorus in ration I 
being due to the difference in the composition of the unwashed 
and washed bran. As in the former experiments, the food supply 


92 Report oF DEPARTMENT OF ANIMAL HUSBANDRY OF THE 


of inorganic phosphorus was small and similar in the two rations. 
These figures make it evident that the quantities and proportions 
of phosphorus compounds in these two rations were quite similar 
to what was found in the rations used in experiment I. (See 
Tables 31-33.) 

3. The relation in amounts and forms of the mgested and the 
outgoing phosphorus.—The comments offered under this heading 
in discussing experiment 1 could be repeated here in the main as 
accurately characterizing the outcome of this experiment. Briefly 
stated, the amount of excreted phosphorus rose and fell with the 
food supply; during the feeding of the high phytin ration phos- 
phorus storage occurred while with the low phytin ration the outgo 
of phosphorus was an average of 10.8 grams per day more than 
the income, a condition which the animal sustained through one 
period of 30 days without serious effects; the phytin phosphorus 
and that in the unused nucleo-proteids was practically all reduced 
to inorganic forms; the variations in the outgoing phosphorus were 
chiefly changes in the proportions of the inorganic salts of this 
element and finally no evidence was secured showing that there 
was any synthesis of the phosphorus-bearing proteids. (See Tables 
30-33.) 

4. Distribution of outgoing phosphorus compounds im the milk 
and egesta.—Again the outcome of this experiment is similar to 
what was observed with the first one, viz., the rise and fall of 
phosphorus compounds in the egesta occurred chiefly in the feces, 
though to a considerable extent in the urine. When the larger 
amount of phosphorus compounds was fed, there was a marked 
increase in the inorganic phosphorus compounds of the feces and 
urine. Casein secretion was not affected by the phosphorus sup- 
ply and the proportions of organic phosphorus bodies in the egesta 
appeared not to be affected by the supply of these in the food. (See 
Tables 28 and 31-33.) 

5. Physiological effects due to variations in the phosphorus 
bodies of the two rations—A larger proportion of ration I was 
digested than of ration 2, due undoubtedly to the fact that the 
washed bran was less digestible than the unwashed. Practically 
the same proportion of nitrogen was digested from the two rations, 
but there was a somewhat greater storage of nitrogen compounds 
from ration 1 than from ration 2, a result evidently independent 
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of the phosphorus supply. The withdrawal of the phytin from 
the ration again had the effect of causing marked constipation, 
although in this experiment, because of the precautions that were 
taken in arranging the transition periods, it was not found neces- 
sary to administer a purgative at any time. The laxative influence 
of the phytin seems to be well established, for it does not appear 
probable that in washing the bran other compounds of a laxative 
character were taken out. 

The volume of urine was greatly decreased when the washed 
bran was substituted for the unwashed, the quantity with the high 
phytin ration being 72 per cent. larger than when the phytin was 
withdrawn. ‘This result is fully as marked in this experiment as 
it was in the former one. ; 

It is very clear that in this experiment, as in the first one, the 
excretion of nitrogen bears no relation to the phosphorus outgo, 
a fact to which reference will be made later in our discussion. 

The average weights of milk produced as given for the several 
periods do not show any influence arising from changes in the 
amounts of phosphorus compounds fed. When, however, we come 
to consider the records of milk. flow immediately succeeding the 
change to the washed bran ration, the effect of the change is made 
very evident. The following table shows the milk yield through a 
transition period beginning March 16th and ending March 24th. 


TABLE XXX VIJ.—YIELDS OF MILK DuRING A TRANSITION PERIOD FROM 
HicH To Low PuospHorus RATION. 

















Total : Total . 

Daily Daily 

DaTE, E atop yield DaTE. ie yield 

fed. milk, | \ fed, milk, 

Grms. Grms. | Grm. Grms. 
Marcie Sie ctsncisssi¢ 00e,e 77 14429 March ¥20 sass chan et 43 16202 
TESS rere iainits cs a 14088 pp Lp kre 31 15167 
Pst che ee ccs Wd. 14500 PAGEL er eae res 19.8 15181 
LS ewe ee ce eh, 65 15252 23 rohit ane 19.8 15365 
LOR he tect ee 54 15521 DA eg eh oe ae 19 15408 








The above figures show an unmistakable influence of the change 
in the phytin supply. 

The influence of a change in the rations upon the composition 
of the milk, that is, upon the percentage of fat, is not as marked 
as in the first experiment. In Table 28, where the daily com- 
position of the milk is detailed, covering a period from March 
16th to March 30th, during which time the ingested phosphorus 
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was diminished from 77 grams daily to 16 grams, there is shown 
a small but unmistakable lowering of the percentage of fat. In 
this period from April 30 to May 17, when a similar reduction 
was made in the ingested phosphorus, the effect upon the fat 
percentage is much more marked, amounting to from six to seven- 
tenths per ct. During the lowering of the quantity of phosphorus 
fed the decrease in the fat content of the milk was a progressive 
one. In this period there did not appear to be a tendency, as was 
observed in Experiment 1, towards the restoration of the fat con- 
tent to its original proportions. The decrease in the percentage 
of milk solids is almost entirely accounted for by the decrease in 
the proportion of fat. (See Tables 27, 30-36.) 

6. Influence of the two rations upon production—During this 
experiment the yield of total milk solids and of casein gradually 
diminished without any apparent relation between production and 
the character of the rations. The yield of milk fat was percepti- 
bly lessened during the low phytin periods. (See Table 36.) 

7. Oestrum period.—This animal did not show the marked dis- 
turbance in this direction that was observed with cow 1. On the 
2oth of February, during the time she was passing from a low 
phytin ration to the one rich in that compound, the oestrum failed 
to appear. This was the only instance of the kind recorded with 
this animal. It was thought that perhaps a withdrawal of phytin 
from the ration for a long time would produce a result similar to 
that which occurred with cow 1, but during a thirty-day period of 
low phosphorus feeding, and afterwards, the oestrum regularly oc- 
curred. The animal afterwards became pregnant. 


GENERAL DISCUSSION OF THE THREE EXPERIMENTS. 

The data obtained from these three experiments involving the 
use of two animals, consistently support the following conclusions. 
Certain of the facts observed, which, with others, are here briefly 
summarized, agree with observations made by other investigators. 

1. The amount of outgoing phosphorus rose and fell with the 
quantity supplied in the food, though within narrower limits. When 
the phosphorus supply was abundant there was a storage of this 
element in the bodies of the animals, but during prolonged periods 
in which the supply of phosphorus was deficient there was with- 
drawn from the body store about 10 grams daily in several periods. 
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2. Through catabolic changes the phosphorus of the phytin and 
that of the unused digested nucleo bodies was reduced to inorganic 
combinations, and was excreted chiefly in the feces, though to a 
small extent in the urine. 

(The phosphorus of the urine is calculated wholly as inorganic. 
While we may not be justified in doing this, attempts to separate 
phytin or other organic forms of phosphorus from the urine by 
the methods employed in all the other work failed entirely. What- 
ever error is introduced by this method of calculation must cer- 
tainly be small.) Further evidence of catabolic metabolism of phos- 
phorus compounds is found in the fact that the inorganic phos- 
phates of the milk were from three to five times greater in quantity 
than the total amount of such compounds in the food. ‘The rise 
and fall in the amounts of outgoing phosphorus compounds oc- 
curred almost wholly with the inorganic salts found in the egesta. 
The organic phosphorus bodies of the egesta were but little affected, 
if at all, by the proportions of phosphorus compounds in the food. 
Variations in the phosphorus supply appeared not to modify the 
appropriation of this element by the milk. 

3. No relation whatever appears to exist between nitrogen excre- 
tion and phosphorus excretion. 

4. It is shown without question that the physiological effect of 
the two rations, due to the withdrawal from the bran of such com- 
pounds as were soluble in slightly acidulated water, differed to a 
marked degree. With the washed bran ration as compared with 
the one containing the unwashed bran, the following differences 
were observed. 

a. Drier and much firmer feces with the washed bran ration, 
accompanied by a constipated condition, requiring in some cases 
the use of a purgative. 

b. A marked disturbance of appetite (in Experiment 3) when 
a sudden change was made from the washed bran ration to the 
one containing the unwashed bran, indicating some specific physio- 
logical influence of the compound or compounds removed from the 
bran by leaching. 

c. A greatly reduced flow of urine following a change from the 
unwashed bran to the washed bran ration, the reverse taking place 
when a reverse change was made. 
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d, An increase in the flow of milk consequent upon the with- 
drawal from the ration of the phytin and other water-soluble con- 
stituents of bran. 

e. A reduction, sometimes large, in the percentage of fat in the 
milk consequent upon the withdrawal from the ration of phytin 
and other water-soluble constituents of bran. 

f. A decreased production of butter-fat during the period the 
washed bran ration was fed, notwithstanding a somewhat increased 
flow of milk. 

g. The entire cessation of the oestrum period with cow I and a 
temporary disturbance of this period with cow 2. 

h, The foregoing effects were observed chiefly in experiments I 
and 3, in which the difference in the phosphorus content of the 
two rations was brought about by leaching the phytin and other 
soluble compounds out of the wheat bran. In experiment number 
2 where the phytin content was small and remained unchanged, 
similar physiological influences were not sufficiently marked to place 
much emphasis upon them. 

To what cause shall these physiological influences be attributed? 
—We now come to the important question as to what compound 
or compounds in the rations may be regarded as the exciting cause 
of the physiological influences observed. It is doubtful whether 
our data justify definite conclusions, but the situation may be some- 
what elucidated, perhaps, by a discussion of certain factors enter- 
ing into the problem. There are several possibilities to be con- 
sidered: 

1. The difference in effect of the two rations may be due to the 
larger supply of phosphorus in one ration without reference to the 
form of the combination. 

2. The compound known as phytin may have specific physio- 
logical influences in several directions. 

3. The withdrawal from the ration of the basic compounds with 
which phosphorus is associated in the compound phytin may explain 
wholly or in part the peculiar physiological influences observed. 

In discussing the first point it should be stated that experiment 
2 was planned with the hope that by eliminating the phytin and 
varying the quantity of other phosphorus compounds light would 
be thrown upon the question of the influence of the supply of 
organic phosphorus bodies without reference to their nature. The 
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experiment was not entirely satisfactory. In no period was the 
phosphorus income equal to the outgo and it is not clear what 
“would have been the result had the two rations been as fully 
differentiated in their phosphorus content as was the case in experi- 
ments 1 and 3. However, there are indications, not to be ignored, 
that the two rations in the nucleo-proteid experiment had a some- 
what unlike effect upon the flow and composition of the milk. 

The other two points must be considered together. The problem 
here involved is whether, if phytin exerts the physiological effects 
observed, its influence is to be attributed to its acid phosphorus 
radical or to the basic portion, calcium, magnesium and potassium, 
or to the organic compound as an entity. The question was then 
raised in the progress of the work whether the withdrawal from 
the bran, by leaching, of the bases calcium, magnesium and potas- 
sium, might not so influence the supply of the compounds of these 
elements in the rations as to cause results that otherwise would be 
attributed to the phosphorus supply. 

Analyses of both the unwashed and washed bran show that the 
leaching removed the greater portion of the magnesium and potas- 
sium compounds and but very little of the calcium compounds. The 
following figures comfirm this statement: 


TABLE XXXVIII.—INoRGANIC CONSTITUENTS OF BRAN BEFORE AND 
AFTER LEACHING. 




















P. CaQ: MgO. K,0. 
= a ee ue Ber Gh: Per ct. Per ct. Per ct. 
Wim ae a ee mettre nl. ed, 1.42 .182 894 1.58 
WAVE Ire oie) eh tea ae pal yh ee Oia A ae oP aE eee ede) ee ee al 1145 .380 .162 084 








The marked difference in the composition of the two kinds of 
bran, as indicated above, very naturally suggested the inquiry as 
to whether the supply of certain bases in the washed bran ration 
might not be insufficient. Consequently the amounts of the in- 
gested and outgoing calcium, magnesium and potassium oxides 
were determined for two periods in experiment 3, one March 14 
to 17, inclusive, during which time unwashed bran was fed; and 
March 30 to April 2, inclusive, this being part of a washed bran 
period. The results of this inquiry are given in the following 
tables: | 
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The facts displayed in the above figures are very suggestive. 
It appears that in both periods the animal excreted more calcium 
oxide than she received, and the somewhat surprising result is 
shown that the animal gave up from her body store much the larger 
amount of calcium compounds when the income of phosphorus was 
less than the outgo. This fact will be considered later. 

The supply of magnesium and potassium compounds was greater 
in the food in both periods than was the amount excreted. In fact, 
there was a storage of magnesium in both periods and especially of 
potassium in the period of low phosphorus feeding. It is not easy 
to draw from these facts the conclusion that the unlike physi- 
Ological influence of the two rations is due to a withdrawal from 
the bran of the bases under consideration. In both periods there 
was a Calcium balance against the animal and an apparently suffi- 
cient supply of both magnesium and potassium. Our knowledge of 
materia medica suggests, of course, that the larger supply of 
magnesium compounds in ration 1 may have had some influence of 
a laxative character and it is also conceivable that the greater 
amount of excreted potassium compounds may have increased the 
flow of urine. Outside of these suggestions it is difficult to even 
theorize as to why the extent of the supply of these bases should 
explain the physiological influences that are under discussion. The 
authors are inclined to the view that the compound known as 
phytin exerts specific physiological influences. | 

The supposed laxative effect of whole wheat bread.—lIt is gen- 
erally believed, how correctly is not definitely established, that 
whole wheat bread is a desirable food for persons of a constipated 
habit. This supposed influence is usually attributed to the effect 
of the coarser material upon the peristaltic action of the intestines. 
The outcome of this investigation very naturally suggested the 
thought that if whole wheat bread really possesses the laxative 
properties assigned to it, this may be due. to the amount of phytin 
it carries rather than to its mechanical condition. With this point 
in view, analyses were made of the milling products from a par- 
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ticular lot of wheat, which was ground at a nearby mill. These 
analyses are given in the table below: 


TABLE XLII.—PuospHorus CoNTENT OF WHEAT AND ITS MILLING 








PrRopwctTs. 
Phosphorus. Phosphorus. 
ig 
Per ct. Per ct. 
Whdle*wheat.'.72..> coe ee L519 “| Istsmididlings*® jae. sie cee O71 
i Weer che ee rere ne 5 1.28 | 2nd Oe) Saree tog aerate .079 
Middlings (ships)........... .857 | 3rd OY RISE CSS ae O91 
Gertie tosis nis pases sae awe es 67604 “Germ roll ours. % 0. oe se .074 
Gtraigitt Hour. «ii gia Cac keke F089 ‘jaiCaslanosior-lastisollcn vn ae oe 1385 
Aste prea nour we. oes. ee -O89 | ‘Lailings*réel ie seen te certo .134 
2nd * py er eae ee -088 |, Bran duster flour... i.......- .196 
3rd wo Mea Ja as 088 Low' grade flotir.an os selee «ners . 166 





* ‘* Middlings ” is millers’ term for fine flours. 


It is evident, as is well known, that the phosphorus compounds 
of the wheat kernel are found mainly in the outer coatings and 
germ from which are derived the bran and middlings. As the bran 
phosphorus is mostly contained in the compound phytin, it is self- 
evident that this substance exists in much larger proportion in the 
whole wheat bread than in fine flour. These statements are offered 
as suggesting a problem for further study. 

A pharmacological study of the compound phytin—In view of 
the possible pharmacological properties of this compound, as in- 
dicated in these experiments, it was thought to be very desirable 
that experienced investigators should undertake a study of its 
physiological influence. Correspondence was entered into with Dr. 
R. H. Chittenden of Yale University and he very kindly consented 
to undertake pharmacological observations with this substance. 
There was prepared, therefore, in our laboratory the anhydrooxy- 
methylenediphosphoric acid, which is phytin freed from its bases, a 
quantity of which was sent to Dr. Chittenden. We understand that 
the studies indicated are now in progress under the direction of Dr. 
L. B, Mendel. | 

The increased flow of urine, caused by feeding the unwashed 
bran ration.—Several points need consideration in this connection. 
Marked changes in temperature undoubtedly have an influence on 
urine secretion but as both of these animals stood in a room which 
was warmed to the point of comfort by artificial means, this factor 
hardly needs consideration. It has already been made clear that 
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the larger urine excretion was not correlated with an increased 
nitrogen outgo. 

The amount of water drank would certainly exert some influ- 
ence. In order to determine whether any relation existed between 
the water taken and urine excretion, the following table has been 
prepared showing the average daily quantities of water consumed 
during the periods for which other averages have been given. 


TaBLE XLIII.—REvATION oF- FLow oF URINE TO AMOUNT OF WATER 





























DRANK. 
Cow 1. , Cow 2. 
Phos- Water | Weight ee Water | Weight 
PERIOD. phorus drank | of urine PERIOD. Pp tea drank | of urine 
fed. daily. | daily. dail daily. | daily. 
any. 

; Grms. Lbs. oz.| Grms. Grms. Lbs. 0z.| Grms. 
March 11-16... 12.8 75-9 4974 || Dec. 27-Jan. 2. 37.93 77-15 3600 
April 12-18... 78.7 69-10 10555) 1" Jans 13-19)... 18.2 88- 5752 
Apr. 28-May 1. 16 55- 6 9560 || Jan. 27-Feb. 3 3in3 78- 5 4528 
May 9-15..... 83.3 |, 97-12 12723 Feb. 10-16.... 20.2 85-12 5468 
Mays22-26% :.: 21.4 72-10 10147 March 12-18.. 77 85- 8 9433 

Mar. 30-Apr. 5 16 79- 9 5482 











It would not be logical to conclude from the figures of the above 
table that the variations in the volume of urine are caused by 
variations in the water supply. If the whole case rested on a 
comparison between the period May 9 to 15 and the periods pre- 
ceding and following, a consistent relation would be established, 
but on the other hand a comparison of the period, March 11 to 
16, with April 12 to 18, and of February 10 to 16 with March 
12 to 18, gives us opposing evidence. 

The effects produced upon the volume and composition of the 
milk.—A definite explanation of the unlike influences exerted by 
the different rations upon the volume and composition of milk is 
not now possible. It may be that the volume relations of both 
urine and milk are affected by the osmotic tensions induced by the 
presence .of certain salts. 

The work of Herter (See page 59) showing that an insufficient 
fat supply in the food of young animals depresses the assimila- 
tion of phosphoric acid, is suggestive in this connection. These 
experiments show a reverse relation in that the elaboration of butter- . 
fat is apparently lessened by an insufficient phosphorus supply. 

The question naturally presents itself as to whether the low 
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phosphorus supply affected in any way the constitution of the milk 
fat. In order to obtain evidence on this point the butter-fat was 
examined for five different periods in experiment 3. 

I. Fat from the milk of April 19th to 20th. High phosphorus 
feeding immediately after the change from a low phosphorus ration. 

2. Fat from milk of April 29 to 30, ten days after the change 
from a low phosphorus to a high phosphorus ration. 

3. Fat from milk of May 7 to 8. Low phosphorus ration imme- 
diately after a change from the high phosphorus ration. 

4. Fat from the milk of May 22 to 23, fifteen days after the 
change from a high phosphorus ration. 

5. Fat from milk six weeks after the cow had been placed on 
the regular ration of the Station herd. This represents butter fat 
produced under entirely normal conditions. 

The results of these examinations are given in the following 
table: 


TABLE XLIV.—ComposITION OF BUTTER FATS. 








| | 
No. Phosphorus Volatile Soluble Insoluble Iodine Kost No Melting 

















ration. acids. acids. acids. absorp. point. 
Per ct. Per ct. Per. ct: Per ct. 
5 hee agi eee 31262 ee (anl 86.89 26.91 239 SL soo 
ree Mie we bed 01) Ae rca 33.82 5.60 85.99 26.47 240 30.70 
Dicks OW ome ae 29 60 4.91 87.40 25.41 236 32.44 
4.. Lowe Lite 26.29 4.75 feo! 26.23 234 Soule 
Bey Normals 2.1 Z6¥2i Del0 88.59 37.93 | 232 BLeoOO 





The indications are that the constitution of the milk fat was 
somewhat modified by the change in the rations. The volatile and 
soluble fatty acids are in smaller proportion in the fat produced 
by the low phasphorus ration while the melting point is somewhat 
higher, facts that are entirely consistent with each other, and are 
an additional indication of a specific influence upon milk-fat secre- 
tion of the compounds taken out of the bran by leaching with 
water. . 

The source of the phosphorus given up from the body store 
during the periods of low phosphorus feeding.—Since these two 

animals were able to sustain a loss of phosphorus compounds from 
the body store during considerable periods of time without any ap- 
parently serious consequences to the general health, it becomes an 
interesting question as to what part of the body store was drawn 
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upon. The fact that the nitrogen excretion was not increased 
during the feeding of the low phosphorus rations would indicate that 
there was no cleavage of the nucleo-proteid bodies stored in the 
tissues unless, indeed, it is possible for such cleavage to occur and 
leave the proteid component of these bodies intact. 

It would appear reasonable to expect that the deficiency in the 
phosphorus compounds of the food would be made good from the 
body supply of what may be called the circulatory phosphorus 
compounds, that is, those which are soluble or transferable. Facts 
are available which enable us to consider this point of view more 
or less intelligently. Emmett & Grindley®®* in their researches on 
the chemistry of the flesh of steers, have made a study of its phos- 
phorus content in various forms. Their results show that the 
total phosphorus from such flesh soluble in cold water ranged from 
146 per ct. to .257 per. ct., averaging approximately .2 per ct. Of 
this .12 per ct. consists of soluble inorganic phosphorus bodies, 
chiefly potassium phosphates, only about .08 per ct. being in the 
form of organic phosphorus compounds. 

In an experiment by Jordan®® concerning the relation of food 
to the growth and composition of the bodies of steers, it was 
found that the soft tissues of the bodies of the experimental ani- 
mals, exclusive of the blood and the contents of the stomach and 
itestines, represented about 51 per ct. of the total body weights. 
Assuming the same relations for the bodies of the animals in these 
experiments and that the soft tissues contain .2 per ct. of phos- 
phorus in soluble or transferable combinations, we find by compu- 
tation that the total quantity of such phosphorus would be approx- 
imately 525 and 450 grams for cows I and 2 respectively. The 
figures of the preceding tables show that there was one period at 
least in which the phosphorus deficiency approximated Io grams 
daily for 30 days. The question is, then, whether from the store 
of soluble phosphorus compounds an amount equal to 300 grams 
of phosphorus could be withdrawn without serious results to the 
animal’s health. That this could happen certainly seems im- 
probable. 

Attention has been called to tables 39-41, which shows the income 
and outgo of the oxides of calcium, magnesium and potassium 


“Jour. Amer. Chem. Soc., 28:25. 1906. 
* Maine Agr. Expt. Sta., Rpt. 1895, p. 36. 
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during two periods of four days each, one with an excess and 
the other with a deficiency, of phosphorus compounds in the ration. 
The unlike results in the two periods appear to be significant in 
their relation to the supply of phosphorus compounds. During the 
period of low phosphorus supply the withdrawal of calcium com- 
pounds from the body store was greatly increased, with a some- | 
what corresponding increase in the storage of potassium oxide. 
There was a storage of magnesium oxide in both the high and low 
‘phosphorus periods, this being considerably greater in the former. 
These facts would indicate that there was a replacement of calcium 
oxide by another base, particularly in the period of low phosphorus 
feeding. On the other hand the greatly increased excretion of 
calcium compounds in the low phosphorus period suggests a cleav- 
age of calcium compounds in some way connected with the defi- 
ciency of phosphorus in the food, the most natural inference being 
that the egested phosphorus not supplied by the food was obtained 
from a body compound containing calcium oxide as a base. 

The metabolism and excretion of phosphorus and other mineral 
compounds of the food.—It has been shown that the phosphorus 
of the catabolized phytin and nucleo-proteids appears in inorganic 
combinations mostly in the feces, though to some extent in the 
urine, and that the calcium oxide which is withdrawn from the 
body store is excreted in a quite similar-manner. These are facts 
of general physiological interest and are confirmatory of the ob- 
servations made by other investigators. 

The question as to where the cleavage of the compounds under 
consideration takes place is an interesting one. In order to throw 
light on this problem we have studied the action of trypsin and 
pepsin on the free acid of phytin and its simple salts without 
securing evidence of the power of these enzyms to split these 
bodies into inorganic forms. To be sure, the influence of other 
enzyms such as erepsin and of bacterial ferments has not been 
tested and so we have no direct proof that these latter might not 
effect a cleavage of the phosphorus bodies we are studying, but this 
hardly seems probable. 

It is certain that phytin entirely disappeared from the intestinal 
tract and did not reappear even in small proportions in the milk or 
urine. By our methods of analysis it is possible to determine very 
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small amounts of soluble organic phosphorus but elaborate examina- 
tions of large quantities of milk, urine and feces during a time when 
the animal was receiving an excessive amount of phytin, failed to 
reveal its presence even in minute proportions. ‘These facts, to- 
gether with the failure to cause a cleavage of phytin through the 
action of enzyms, indicate that this body was absorbed, metabolized, 
and its phosphorus excreted, largely through the feces, in inorganic 
forms. : 

The observations of other experimenters show clearly that the 
presence of any compound in the feces is not proof that it has not 
been absorbed into the body cavity. Bergman®’ demonstrated 
that when glycero-phosphoric acid is injected subcutaneously into 
a sheep the phosphoric acid is excreted in the dung. Mendel & 
Thacher®? have also shown that mineral compounds that are ab- 
sorbed from the intestinal tract may afterward appear in the feces. 
There is a growing evidence among physiologists that the ali- 
mentary canal is a channel for the excretion of something more 
than the substances which have failed of digestion and absorption, 
and consequently that the percentage of digestibility of certain 
compounds is not measured by the difference between the amounts 
of these compounds in the food and in the feces. It seems to be 
practically established that the claim made by Rubner®® that the 
loss through non-absorption of the mineral constituents of whole 
wheat flour as compared with patent flour is much greater in the 
case of the former, does not rest on a sound basis, an observation 
which applies equally well to all conclusions reached in a similar 
manner. A comparison of the mineral compounds of the con- 
stituents of the food with those in the fecal discharge evidently can 
not be depended upon as a means of ascertaining the availability 
and usefulness of the ingested mineral compounds. 

The foregoing data include many interesting facts, but do not 
justify final conclusions concerning the main points under investi- 
gation. On the basis already established, however, the authors plan 
to continue the inquiry with the hope of reaching a more complete 
solution of the problems involved. 


*" Jahresber. Agr. Chem., 3d F., 42 354. Igor. 
* Amer. Jour. Physiol., 11: 5. 1904. 
“Zett. Biol., 19: 45, 1883. 


106 Report oF DEPARTMENT OF ANIMAL HUSBANDRY OF THE 


THE “KING “SYS TE Mite OlasT Abies 
VENTA TONS 
W. H. JORDAN. 

This system was devised by Prof. F. H. King, formerly of the 
Wisconsin Agricultural Experiment Station, and has come into 
quite general use in recently constructed dairy barns and horse 
stables and in remodeled older buildings. It is in successful opera-. 
tion in both dairy barn and horse barn at this Station. 

The system provides for the removal of foul air from near the 
floor (openings A, A, Fig. 1), under ordinary conditions or from 
near the ceiling (openings B, B) when the circulation of air is 
sluggish or when it is desired to remove warm air quickly. These 
air exits are closed by register valves, and open into a dict, partly 
in the side wall of the stable, which is made practically airtight. It 
is also insulated by double walls and air chamber and, though near 
the roof for part of its course, is separated from it a considerable 
distance. By these means too rapid cooling of the rising warm air 
is avoided, which would cause condensation of moisture, and damp- 
ness. The two ducts from the side unite (at D) in a single duct 
which leads to a point well above the roof where it discharges 
through a ventilator that cuts off down drafts from outside air 
currents but allows rapid removal of the outflowing air. 

The system also provides for the entrance of fresh air. This is 
taken in at the bottom of a duct in the wall (F, Fig. 1), and dis- 
charged into the room near the ceiling. As shown by the floor 
plan and side elevation there are two outflow ducts on each side of 
the stable and three inflow ducts. This secures good distribution of 
the fresh air. 

In the Station stable, 33x 51 feet and accommodating 22 to 26 
cows, the 4 outflow tubes are each 10 x 16 inches, giving 640 square 
inches, or 29 to 24 square inches to each animal; and the 6 inflow 
ducts are each 6 x 16 inches, giving 576 square inches, or 26 to 21’ 
square inches to each cow. Prof. King suggests a 2 ft. by 2 ft. 
ventilating flue for each 20 cows, giving about 29 square inches for 
each cow. 

_ If the system is to be installed provision should be made to have 
it do all the ventilating; that is, walls, windows, doors and ceiling 
must be made tight. 


* A reprint of Circular No. 7, n. ser. , 
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REPORT OF THE DEPARTMENT OF 
BACTERIOLOGY, 


THE QUALITY OF COMMERCIAL CULTURES 
FOR LEGUMES IN 1906.* 


H. A. HARDING anv M. J. PRUCHA, 


SUMMARY. 


Cultures of legume bacteria dried upon cotton according to 
Moore’s method have been tested by sixteen Agricultural Experi- 
ment Stations in 1904-5 and all have found such cultures to be of 
little or no practical value. 

Metal containers have been recently put forth as a means of pro- 
tecting such cultures and it was claimed that cultures packed in 
this way would remain active for long periods. 

A careful examination of fourteen such cultures showed that the 
claims made for the metal container were not borne out in practice. 

The results from the examinations of twenty commercial cultures 
indicate that the goods upon the market for 1906 were little if any 
better than those offered in 1905. 

In neither year was there any evidence that the purchaser had 
had more than the remotest chance of receiving the worth of his 
money from the use of such cultures. 


INTRODUCTION. 


During the years 1904-5 great interest was manifested through- 
out the country in the artificial inoculation of legumes with their 
appropriate bacteria in order to stimulate the fixation of nitrogen 
from the air. This interest was due to the sensational manner in 
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which this subject was brought to the public notice at a time when 
farmers were beginning to realize the importance of legumes in 
soil enrichment and to know what substantial results had been ob- 
tained by the use of naturally inoculated soils. That this interest 
was due to the manner of presentation rather than to the newness 
of the subject matter is seen from the following facts: Practically 
identical culture media! had been employed in growing these germs 
for many years, the idea that. the activity of the cultures could be 
increased by controlling their environment has long been held, 
especially by Hiltner,? and the method of shipment on absorbent 
material has been considerably used with yeast cultures. The main 
value of this presentation lay in the fact that it succeeded in bring- 
ing these scientific facts to the attention of the agricultural public. 

Coincident with this public interest in the subject of artificial 
inoculation there appeared commercial companies which offered 
cultures for this purpose. Inquiries concerning the value of these 
commercial cultures began to pour in at the various Agricultural 
Experiment Stations and in order to obtain data upon which to 
answer these inquiries the Experiment Stations made tests of these 
cultures. 


INVESTIGATIONS. 
RESULTS FROM PREVIOUS, EXAMINATIONS. 


The tests by the various Agricultural Experiment Stations were 
made under a wide range of conditions and in practically all possible 
ways. They included extensive examinations in the laboratory as 
well as trials by pot experiments and field tests. 

In the tests by sixteen Stations*, the results from which are now 
available, there was a striking similarity in one particular; they 


THe cultivation of legume bacteria in nitrogen-free media has long been 
a common practice. Laurent (Recherches sur les nodisites radicales des 
Legumineuses. Ann. Inst. Pasteur, 5:105. 1891) used the following med- 
ium: Distilled water 1000 c.c., potassium phosphate I gram, magnesium 
sulphate, 1 gram, and saccharose. 

* Cent. Bakt. [etc.], Il, 10: 660., 1902. 

® Okla. Agr. Exp. Station Bul. 68. 1905. 

New York Agr. Exp. Station Bull. 270. 1905. 

W. Va. Agr. Exp. Station Bul. 105. 1906. 

Ga. Agr. Exp. Station Bul. 71. 1905. 
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unite in saying that they have failed to find evidence that these 
cultures are of any value to the agriculture of their particular 
regions. | 

Bulletin 270 of this Station gives the results of bacteriological ex- 
aminations in 1905 of eighteen packages of inoculated cotton cul- 
tures for legumes, put up by the National Nitro-culture Co., of 
West Chester, Pa. Duplicate portions from six of these packages 
were examined at the Agricultural Experiment Stations in Delaware, 
Michigan, New York and New Jersey and by Parke Davis & Co., 
at Detroit, Mich. These eighteen packages were all found to be 
worthless for practical purposes. It was further shown experi- 
mentally that the failure of these commercial cultures was inherent 
in the manner of their preparation. 

Great stress is laid by the commercial companies upon the re- 
sults obtained by farmers from the use of these cultures. Of the 
large number of farmers (approximately a hundred) whose ex- 
perience has come to us during the past two seasons, but six have 
Believed that they had obtained any result whatever from the use 
of such cultures. One had tried the inoculation on garden peas. 
When the matter was reported in November the crop had dis- 
appeared, but the statements of both the man and his neighbors left 
little room for doubt that good results had been obtained. A second 
farmer had tested inoculation on cow peas, and while he main- 
tained that there was a marked increase in the nodule formation on 
the inoculated area, there was no discoverable difference in the crop 
obtained from the two portions. A third was enthusiastic concern- 
ing results obtained with alfalfa, but as no plat had been sown with- 
out inoculation it was hard to see upon what he based his con- 
clusions. Two other fields of alfalfa where the owners believed 


Me. Agr. Exp. Station Bul. 128. 1906. 

Cornell Univ. Agr. Exp. Station Bul. 237. 1906. 

Ky. Agr. Exp. Station Bul. 125. 1906. 

Ontario Agr. Coll. Bull. 148. 1906. 

Pa. Agr. Exp. Station Bull. 78. 1906. 

Ann. Rept. Wis. Exp. Station 22: 242. 1905. 

Ann. Rept. Mass. Exp. Station 18:77. 1906. ° 

Unpublished results were kindly furnished by Agricultural Experiment 
Stations of North Carolina and Virginia. 

Also see Report on field and pot culture experiments at Woburn (Eng.) 
Experiment Station. 1904. : 
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that they had obtained good results from the use of commercial 
cultures were examined without finding anything upon which to 
base such conclusions. Another alfalfa field has been reported but 
has not yet been examined. It would thus appear that the negative 
results obtained from these cultures in the laboratory at the Ex- 
periment Station are in close accord with what is being actually 
obtained in practice upon the farms. 


EFFECT OF THESE RESULTS UPON TRADE CONDITIONS. 


It is encouraging to note that while the trade in these commercial 
cultures was brisk during the season of 1905 the adverse reports 
which began to appear at the end of that season from the Experi- 
ment Stations, the agricultural press and from the farmers them- 
selves, have very markedly reduced the use of these cultures. 


MODIFICATION OF THE ORIGINAL METHOD. 


Kellerman & Beckwith* have shown that when cultures of legume 
bacteria are placed on cotton, dried promptly and kept absolutely 
dry, they retain their vitality for- a considerable time. The 
National Nitro-culture Co. took advantage of this fact and put 
upon the market cultures on cotton inclosed in metal containers. 
The company claimed thereby to obviate all the objections which 
had been raised against their cultures as put out during 1905. These 
metal containers were collapsible tubes similar to those in which 
bicycle cement is commonly sold, except that they had no small 
opening and were closed by rolling up and compressing the large 
end. That such a closure does not completely cut off the air is plain 
to anyone who has purchased a tube of bicycle cement which has 
been long in stock. 

Since it was this company whose preparations had been found 
worthless last year, common justice demanded that their product 
be again tested and if found to be as much improved as claimed by 
them the fact should be given as wide circulation as had the con- 
demnation of their product of the preceding season. 


* Kellerman, K. F., & Beckwith, T. D. Effect of drying upon legume 
bacteria. Science, N. S., 23:471-472. 10906. 5 
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EXAMINATION OF CULTURES IN 19006. 


Duplicate acre packages for three legumes were purchased from 
each of three seedsmen, or eighteen packages in all. Mr. C. K. 
Scoon, a local farmer, very kindly made the purchase for us. 

The cultures had all been put up by the National Nitro-culture 
Co., and since they bore the date 1906 were surely not old cultures 
which had been long in the hands of the seedsmen. Twelve pack- 
ages, six for alfalfa and six for crimson clover, were contained in 
the metal tubes, while the six cultures for vetch were wrapped in 
parchment paper and tin foil, as was the case with the packages 
last season, This could hardly have been an accident since it was 
equally true of the cultures received from each of the three seeds- 
men. 

Method of making the examinations.——The chemicals used in all 
cases were those accompanying the cultures. They were dissolved 
in the appropriate amount of rain water and the solutions sterilized 
in order to reduce the chance of outside contaminations and enable 
us to determine just what germs were on the cotton. In making a 
test of these commercial cultures the packages were carefully opened 
and the inoculated cotton divided into three equal portions with 
sterile instruments and under conditions which exposed the material 
to the least possible opportunity for contamination. In each case 
one of these portions was-placed in.a flask containing 100 c. c. of 
the sterile nutrient solution above described. The remainder of the 
cotton was returned to the original container and sealed as before. 

The flasks were held at 25° C. (77° F.). At the end of twenty- 
four hours the proper amount of sterile ammonium phosphate was 
added. The formation of turbidity was noted and the contents ex- 
amined by means of hanging drop and stained cover glass prepara- 
tions. Peptone-free agar plates were inoculated from each flask 
at the end of two, and again at the end of five days. Any colonies 
resembling the legume bacteria which appeared upon the plates were 
given further study. 

In the case of each examination of these cultures two series of 
control flasks were also used. One series received the same treat- 
ment as the test flask with the exception that in place of the cotton 
these flasks received a portion of a pure culture of legume bacteria. 
In the other series the flasks received the same chemicals and ex- 
posure to contamination but did not receive either cotton or in- 
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tentional inoculation. The object of the first series was to show 
that the conditions in the flasks were such that the legume bacteria 
could make successful growth, while the second series was intended 
to measure the probability of the flasks becoming accidentally con- 
taminated during the process of manipulation. The flasks inocu- 
lated with legume bacteria uniformly produced both an abundant 
and a pure growth of the germ with which they had been seeded. 
This shows that the conditions were good for the development of 
any legume bacteria which might be present upon the cotton. The 
uninoculated flasks remained sterile, indicating that there was slight 
probability that any of the flasks became accidentally contaminated 
during the process of the test. 

Results of the examinations.—A test of each of the eighteen 
cultures was begun on November Io and a second test, using a 
second portion from each commercial package, was started Novem- 
ber 15, 1906. While each of these tests was carried through en- 
tirely separate the data are here combined into a single table, in order 
that the results may be more easily compared. 


TABLE J].—RESULTS OF THE EXAMINATION OF NITRO-CULTURES. 








No. of Series Became 
package.| legume. No. turbid. Remarks 
pel was AB ENT EA ENN Sed Sipe EE ee Se eae 
jE gr aie Alfalfa. ..¢. { 1 | Not in 7 days.| Sterile. 
2 | Not in 7 days.| Sterile. 
ora VS. oe ie Bacterial contamination, 30 per ct. Ps. 
: eee Alfalfa. ae koaee radicicola. 
} 2 ie GO CaAVSa.. tine Bacterial contamination, 20 per ct. Ps. 
| ; radicicola. 
Liars: italia weer f 1 | Not in 7 days.| Sterile. 
2 HS daysiun iat Yeast. 
EVs. eh Altaliar cen. 1 | Not in 7 days.| Sterile. 
D | “7 days trees «2 Yeast and molds. 
View es Adfalfas as. 1S) \daysceae nie Yeast and molds. 
PEN PH AatIiih ett eke | Molds and pink yeast. 
aN fd Bos Met tee Altaita. wis) oe 1 | Not in 7 days.} Sterile. 
Dla T ALY Ste hee iced Yeast and foreign bacteria. 
VII Crimson® <.... Lee Ada ysits eee Yeast. 
pees Clovetac. et Qe days santa. a eVeasctiaridemolds: 
VIII Crimson LH OVidayst ear bes Yeast. 
clover... 2 NASA YS <ish clots Yeast. 
1X Crimson EtG Cay Skee eek Pink yeast. 
iA neon cloveteaces Dr GbsdaySiwaw. ss lwlink yeasts 
x Crimson “ Leiio days Foreign bacteria. 
io eligi CLOVER site. 3 2 | 6days.......| Foreign bacteria and molds. 
XI Crimson UPN avert ey St ae Pink yeast and foreign bacteria. 
page's ClOvere-n a: 21 4 days Yeast and molds. 
XII Crimson 1aSvedays Molds. 
clover. a.2 Dal Osa YS hse Molds. 
1S eoydayoe ei Foreign bacteria and 5 per ct. Ps. radiei- 
XIII Vetch... 45% cola. 
° 2a As aS eee ets Foreign bacteria. 
XIV Vetch: 2.5: 14) 9 aves Bet. 40 per ct. Ps. radicicola, foreign bacteria. 
‘ : pes acted oY per et. Psa radicicola, foreign bacteria. 
AYS sa T6s.te oreign bacteria. 
XV..... Vetch...... rik eae eh eriee eee * rs Parr 
AVS ce case east and molds, 5 per ct. Ps. radaicicola. 
XVI. Vetch...... i Bier aaa ee ee sear Hea % 
AVS ene olds and foreign bacteria. 
XVIT Vetch...... " i bbe Pas Rea dire and yeast. 
AYS te ee olds. 
XVII Vetch...... 2M PS LGaysena ee Foreign bacteria, molds and yeast. 
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It will be seen that no legume bacteria could be found in fourteen 
of the eighteen cultures examined. In two of the four commercial 
cultures where legume bacteria were found they were present in 
very small numbers, and had they been exposed to the mixed 
growth which occurs when the cultures are developed upon the 
farm, it is very doubtful whether any result would have been ob- 
tained from the use of these cultures. In the two commercial cul- 
tures where the legume bacteria developed sufficiently to represent 
from 20 per cent. to 50 per cent. of the germs present, they would 
probably have developed in some numbers under ordinary con- 
ditions. That such cultures do occasionally develop in this way 
seems probable from the few apparently well authenticated cases 
where good results have followed the use of commercial cultures. 

The finding of even this small number of the desired bacteria 
marks a decided advance over the conditions found last season, but 
at best makes only a very poor showing for the cultures. 

Yeast and molds invariably developed in the flasks. In some cases 
the turbidity appearing in three or four days was due to these 
organisms. The bacterial contaminations consisted of several dif- 
ferent organisms. 

Packages Nos. 1 to 12 were in metal containers while packages 
Nos. 13 to 18 were wrapped in parchment paper and tin foil. Our 
data fail to show that the metal containers exerted any favorable 
influence upon the legume bacteria. The only apparent difference 
between the cultures inclosed in the metal containers and those 
wrapped in parchment paper and tin foil was that the latter were 
more heavily contaminated. 


CULTURES FROM OTHER SOURCES. 

During the season we examined two other packages of inocu- 
lated cotton cultures put up by this same firm and inclosed in metal 
containers. 

In May, 1906, Prof. J. L. Stone developed a culture on cotton 
for alfalfa, following the directions carefully. The solutions be- 
came turbid at the proper time and everything seemed normal. The 
seed was inoculated on the second day, and plates inoculated with 
the fluids at that time showed only an occasional colony of the 
legume bacteria. There was an abundant growth of miscellaneous 
forms. Professor Stone reports that the culture was without dis- 
coverable effect upon the alfalfa. 
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In August, 1906, a package of Nitro-culture in metal container 
was sent in by Mr. W. A. Runyon, Westtown, Orange county, with 
-a request that its quality be determined. A portion of the cotton 
cultures was placed in the proper sterile solutions and allowed to 
develop. Examinations with the microscope and by means of plates 
failed to detect the presence of the desired legume bacteria. 


CONCLUSIONS. 


It would seem from these results that the strong claims made by 
the culture company for the metal containers are not at all in ac- 
cord with the facts. 

It should be clearly understood that this publication concerns 
itself only with the commercial cultures which up to this time have - 
been exclusively those dried upon cotton in accord with the method 
of Dr. Moore. These cultures have proved essentially a complete 
failure in tests made in practically all parts of the country and it 
is hard to understand how any firm can feel justified in continuing 
‘to offer such cultures for sale. 
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POVATO-SPRAYING EXPERIMENTS IN I9g05* 
F, C. Stewart, H. J. EUSTACE AND F. A. SIRRINE. 


SUMMARY. 


The fourth year of the ten-year series of potato-spraying experi- 
ments begun in 1902 is now completed. During 1905 the work was 
carried out along the same lines as in 1904. Seventy separate ex- 
periments are reported in this bulletin. 


TEN-YEAR EXPERIMENTS. 


At Geneva, five sprayings increased the yield 119% bushels per 
acre, while three sprayings increased it 107 bushels. The gain was 
due partly to prevention of late blight and partly to prevention of 
rot. At Riverhead, the gain due to five sprayings was 8&2 bushels 
per acre and to three sprayings, 311 bushels. Here, the flea beetle 
was the chief enemy. 


FARMERS’ BUSINESS EXPERIMENTS. 

In thirteen experiments, including 16524 acres, the average gain . 

due to spraying was 461% bushels per acre; the average total cost of 

spraying, $4.25 per acre; the average cost of each spraying, 98 cents 
per acre; and the average net profit, $20.04 per acre. 


VOLUNTEER EXPERIMENTS. 


In fifty experiments, including 407 acres, the average gain due 
to spraying was 591% bushels per acre. In 29 of these experiments 
the average total cost of spraying was $4.57 per acre; the average 


*A reprint of Bulietin No. 279.° 
11g 
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cost for each spraying, 92 cents; and the average net profit, $29.85 
per acre. 


SopA BorDEAUX vs. LIME BORDEAUX. 

In comparative tests of efficiency of these fungicides, rows 
sprayed four times with lime bordeaux outyielded rows similarly 
sprayed with soda bordeaux by 9 bushels per acre in one test and 
by 35 bushels per acre in another test. For use on potatoes, soda 
bordeaux is not superior to lime bordeaux. 


BorpEAUxX WITH AND WITHOUT PaRIS GREEN. 
Potatoes are in no way injured by paris green properly applied ; 
viz., in moderate amount (one to two pounds per acre) with bor- 


deaux mixture. 


BorRDEAUX WITH AND WITHOUT ARSENITE OF SODA. 


Arsenite of soda may be safely used with bordeaux at the rate 
of one quart of the stock solution (Kedzie formula) to fifty gallons. 


CoLp vs WARM BORDEAUX. 


Potato foliage was in no way injured by spraying on hot, sunny 
days with bordeaux having a temperature of 4o degrees to 54 
degrees Fahr. It appears that no attention need be paid to the 
temperature of the water used in making bordeaux for spraying 
potatoes. 


Potato TROUBLES IN 1905. 
In unsprayed fields the loss from blights, rot and flea beetles was 


at least fifty bushels per acre on the average. Most of this loss 
was due to late blight and the rot which follows it. 


DorEs SPRAYING PREVENT Ror? 

The general tendency of spraying is to reduce the amount of 
rot. In most cases the reduction is very marked; in some cases 
there is no difference; and occasionally spraying increases the 
amount of rot. It depends on weather conditions and the thorough- 
ness of spraying. But whatever the effect on rot, sprayed plants 
always give a larger yteld of marketable tubers. 
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SPRAYING IS PROFITABLE, 


Judging from the experiments thus far made it appears that 
spraying for blight is an operation which no potato grower in New 
York can afford to neglect. Thirty-three farmers’ business experi- 
ments made during the past three years show an average net profit 
of $22.79 per acre due to spraying. | 


DIRECTIONS FOR SPRAYING. 


Commence spraying with bordeaux when the plants are 6 to 8 
inches high and repeat at intervals of ‘to to 14 days throughout the 
season, making, in all, five or six applications. When’ bugs are 
troublesome add paris green or other poison. 


INTRODUCTION. 


During the season of 1905 the Station continued the ten-year 
potato-spraying experiments begun in I902. ‘lhese experiments 
are designed to determine how much the yield of potatoes can be 
increased, on the average, by spraying with bordeaux mixture. The 
plan is to continue the experiments during ten consecutive seasons 
and take the average increase in yield as the index of the value of 
spraying potatoes in New York State. The experiments are to be 
conducted in two localities ; namely, at Geneva and Riverhead. Two 
methods of spraying are to be compared as to their efficiency : Some 
rows are sprayed every two weeks regularly while others are 
sprayed only three times during the season. At each place the 
area of the experiment field is to be three-tenths of an acre each 
season. The rows sprayed every_two weeks alternate with those 
sprayed only three times and with others not sprayed at all. For 
further details see Bulletins 221, 241 and 264. 

Supplementary to the above experiments, the Station has con- 
ducted a series of business experiments similar to those made in 
1903 and 1904.1 Under the direction of the Station, fourteen 
farmers in different parts of the State have carried on experiments 
designed to determine the net profit in spraying potatoes in different 
ways under actual farm conditions. 


*For a detailed account of the business experiments in 1903 see Bulletin 
241, pages 267-283; in 1904, Bulletin 264, pages 116-152. 
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A third line of effort has been the collection of the results of 
numerous volunteer potato-spraying experiments made by farmers. 
Fifty such experiments are reported in this bulletin. ‘lhe most 
important feature of these experiments, as a whole, is the increase 
in yield due to spraying. However, several of them contain other 
points of special interest. 


SUMMARY OF RESULTS OBTAINED IN TEN-YEAR EXPERI- 
MENTS PRIOR TO 1905: 
TABLE I.—YIELD BY SERIES AT GENEVA IN 1902.2 











SERIES. , Rows. Dates of spraying. Yield per acre 
Bu. Lbs. 
t Meets « 4 7and tS acme July 10; 23 andvAtie eo ase eee 317 41 
0B Reve aon ti eee DO msc alice & nate June 25, July 10, 28, 30, Aug. 12, 26 and 
Sept, TO. skicce cerrado ene Shee Tee 342 36 
PTT eee a 371070 anual ones ee Notusprayed:s crokiece eae a as. crete tis ee eee 219 4 








AS A A SN A SF RE EOS AA RE SE 8 SO IEE SIE OT ES TI TE rR SRT 
Gain due to spraying three times, 98% bu. per acre. 
Gain due to spraying seven times, 1234 bu. per acre. 


TABLE II.—YIELD By SERIES AT RIVERHEAD IN 1902. 

















| 
SERIES. Rows. Dates of spraying. Yield per acre 
Buz. Lbs: 
eee Fs: 240 Scand Loe ae May.26,0} une? 20) ands) ahy-l 2 sucess 295 20 
s 8 ies Se ee Le As7candalOee, cree May 26, June 3, 20, 30, July 11, 23 and 
Aug. bs: caine OMG ae eee S12 35 
EDV ergs costo 3 OM Mere hats il AE ia he Not-sprayed 9... scat cinta tn eee 267 40 


D sa a SES oR SE EE ERS RE ES ES TS OTE ES SRS NRSC He SS SS 
Gain due to spraying three times, 27% bu. per acre. 
-Gain due to spraying seven times, 45 bu. per acre. 


TaBLE I[II.—YIELD By SERIES AT GENEVA IN 1903.3" 














SERIES. Rows. Dates of spraying.4 Yield per acre 
‘ae " Bu. Lbs 

b Bc 1457, 10and 13.05 =: italy 1.4528 and Angw26e0. vee eee 262 _— 
II. .4s%i.e) 2, 6,8, Wand 14. .°.| July 7, 21, Auc..7, 21 and Sept..3 eee 292 10 
TIT. 2s.) B85, OF 302 and 15 oss, (eNot sprayed: tciex eet Pe eee 174 20 








4 The dates of spraying in Table IV on page 263 of Bulletin 241 are inc orrect. 
Gain due to spraying three times, 88 bu. per acre. 
Gain due to spraying five times, 118 bu. per acre. 


* For details of the ten-year experiments in 1902 see Bulletin 221. 
*For details of the ten-year experiments in 1903 see Bulletin 241. 
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TaBLE I1V.—YIELD By SERIES AT RIVERHEAD IN 1903. 




















SERIES. . Rows. Dates of spraying. Yield per acre 
at ae Bu. Lbs. 

| eae lesa feared eles Ae Htine Ow) UlvescraAnadeA Ue is st neta 246 45 
let . s Deo wor ang rl lie. oe at ine) 24 witilivareeotane A es7 fps 263 10 
Dele. Fie SOS, andi lL? ee to Notisora yea ei tenes Bhuds oon. 207 10 














Gain due to spraying.three times, 39% bu. per acre. 
Gain due to spraying five times, 56 bu. per acre. 


TABLE V.—YIELD BY SERIES AT GENEVA IN 1904.5 
(ee NR ES ST A ES Ef 























SERIES. Rows. Dates of spraying. - | Yield per acre 

oe ee i S| PS ee we a oe | a | a e er 

| Bu. Lbs. 

He rede. sisters rae elOMandel onveaninllily bo. oa, ANGE Ure lon one akucsieiee © 6 344 30 

4 Ld hee, a 2eows, bland, 147 5 TilVvesSe oe Ado lee LOLATIC. 2O a. ent ee OO 40 

CN 0 eer SEO COM ance Oo UN OCIS DTAV Gi. stot in seuetenescchoe an sl: 153 25 
Gain due to spraying three times, 191 bu. per acre. 

Gain due to spraying five times, 233 bu. per acre. 
TaBLE VI.—YIELD By SERIES AT RIVERHEAD IN 1904. 

SERIES. | Rows. Dates of spraying. vied per acre 

ad aad oD TOC ae Lbs. 

1 ee er See TP ar ean GLO’ r+: serch Nuinewlee) ily ol ands Ae. O85. ne. ce oe. Tee aayy 58 

Oe ee ate ows and Usenet June l4, 27, July 7 26, Aug. 9 sat 22.| 297 45 

4 eo S090 andl 2.5. ce} NOt sprayed SHR Ay HE Reedy ee ee ae by eRe 201 25 











Gain due to spraying three times, 56% bu. per acre. 
Gain due to spraying six times, 964 bu. per acre. 


DETAILS OF THE TEN-YEAR EXPERIMENTS IN 1905. 


SOIL, PLANTING, CULTIVATION, ETC. 

At Geneva.—The plat of land used was the same as that used 
for this experiment in 1903. It was a heavy clay loam containing 
some gravel. The surface drainage was good. During the season 
of 1904 it was seeded with red clover. The seed potatoes were 
of the variety Rural New ‘Yorker No. 2 selected from sprayed 
rows in the experiment of 1904. They were planted May 16 in 
rows three feet apart and with the hills 15 inches apart in the row. 
The cultivation was barely sufficient to keep down weeds. No 
doubt, considerably larger yields would have been obtained if the 
plants had received the proper amount of cultivation. 

At Riverhead.—The land used at Riverhead was a level plat of 
' sandy loam on the farm of Mr. G. F. Downs. The soil was of 
better quality and less sandy than that used for the experiment in 


*For details of the ten-year experiments in 1904 see Bulletin 264. 
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former years and more nearly representative of the soil of eastern 
Long Island. In 1904 the land grew cauliflower. The seed pota- 
toes were of the variety Green Mountain planted by hand, April 25 
and 26, in rows three feet apart with the hills 15 inches apart in 
the row. The plants were given good cultivation throughout the 
season. , 


PREPARATION AND APPLICATION OF THE BORDEAUX MIXTURE. 


Both at Geneva and at Riverhead the bordeaux mixture used 
was approximately of the 1-to-8 formula and applied very thor- 
oughly with a knapsack sprayer as in former years. 


DATES OF SPRAYING. 


At Geneva: Series I,—The rows of this series, I, 4, 7, 10 and 

13, were sprayed three times with bordeaux mixture — July 3, 
August 7 and 25. At the time, of the first spraying the plants 
averaged about one foot in height. Some hills were badly infested 
with bugs, but the majority of the plants were yet uninjured. Paris 
green was applied with the bordeaux at the rate of one-half pound 
to fifty gallons. This application was so effective in ridding the 
plants of bugs that it was unnecessary to use poison again. Con- 
sequently, the second and third sprayings were made with bordeaux 
alone at such times as seemed best for the control of blight. 
_ Series II.—This series consisted of rows 2, 5, 8, 11 and 14. The 
plants were sprayed with bordeaux mixture five times — June 29, 
July 13 and 27, and August 12 and 24. At the time of the first 
spraying the plants were 7 to 10 inches high. The bugs were just 
commencing to hatch, so paris green was used with the bordeaux 
at the rate of one-half pound to fifty gallons. On July 13 when the 
second spraying was made it was necessary to use poison a second 
time. There were then more bugs on this series than on either 
series I or III. Evidently, the first application of poison was made 
a little too early for the best results on bugs. No poison was used 
in the last three sprayings. 

Series III.—Series III consisted of rows 3, 6, 9, 12 and 15. It 
was the intention not to use any bordeaux on these rows, but row 
3 was accidentally sprayed once with bordeaux on August 24. The 
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plants on this series were kept free from bugs by three applica- 
tions of paris green in lime water (one-half pound to fifty gallons) 
made July 3, 13 and August 12. 

At Riverhead: Series I.—This series consisted of five rows—Nos. 
I, 4, 7, 10 and 13, which were sprayed with bordeaux mixture 
three times; namely, on June 14, July 18 and August 11. Paris 
green, at the rate of one pound per acre, was applied three times. 
The first application was made with bordeaux mixture in the first | 
spraying of June 14 and the other two in lime water on June 30 
and July 14. 

Series IJ—This series consisted of five rows—Nos, 2, 5, 8, II 
and 14. They were sprayed with bordeaux mixture five times; 
namely, on June 14, 30, July 14, 28 and August 11. Paris green 
was used only in the first two sprayings at the rate of one pound 
per acre. 

Series II].—Series III consisted of five rows—Nos. 3, 6, 9, 12 
and 15. These rows received no bordeaux. Paris green in lime 
water was applied three times (June 14, 30 and July 14) at the 
rate of one pound per acre. 


RESULTS OF THE TEN-YEAR EXPERIMENTS IN 1905. 


AS SHOWN BY THE CONDITION OF THE FOLIAGE. 

At Geneva.—When the plants were 3 to 6 inches high they were 
slightly injured by flea beetles before spraying was commenced. 
Later, about August 1, the beetles again appeared in larger numbers 
and during the next month injured the unsprayed rows of Series 
III considerably. The plants of Series II, on the contrary, were 
scarcely affected, showing very plainly the beneficial influence of 
bordeaux in controlling the flea beetle. On Series I, where the 
spraying was less thorough, they caused some damage. 

Early in August tip-burn began to appear on the unsprayed rows 
and continued to increase until it became quite prominent. Strange 
to say, the sprayed rows were almost entirely free from it. Tuip- 
burn is a physiological disorder and it is difficult to explain why 
spraying should prevent it. Possibly the unsprayed rows suffered 
more because they had been more injured by flea beetles. 

Early blight, Aliernaria solani, was almost entirely absent. 


126 REPORT OF THE BOTANICAL DEPARTMENT OF THE 


Late blight, Phytophthora infestans, was first found on the un- 
sprayed rows August 12. It spread slowly. In fact we regarded 
this as a rather mild attack. However, as a result of the com- 
bined attack of flea beetles, tip-burn and late blight the unsprayed 
rows (excepting row 3) died fully two weeks earlier than the 
sprayed rows of Series I and II. Row 3, having been sprayed once 
by mistake, remained green a few days longer. The contrast in 
appearance between. the sprayed and unsprayed rows was very 
marked but not as striking as in 1904. It was probably greatest 
about September 21, at the time the photograph shown in Plate I 
was taken. Between Series I, sprayed only three times, and Series 
II, sprayed five times, there was no apparent difference in foliage. 
On September 26 each series still retained somewhat less than one- 
half of its foliage. By October 3 practically all of the plants were 
dead. 

At Riverhead.—In the experiment at Riverhead late blight did 
no damage whatever, not even to the unsprayed rows. Flea beetles 
and early blight were the chief enemies fought. According to their 
usual habit, flea beetles appeared while the plants were small, about 
June 10, and again, in hordes, when the plants were full grown 
about the middle of July. On July 29 there was a marked differ- 
ence between the foliage on Series II and that on Series I and III. 
Series I and III were severely injured by flea beetles, but thorough 
spraying had prevented most of the injury, on Series II]. Here 
again, the value of bordeaux mixture as a remedy for the flea 
beetle was clearly shown. 

Early blight appeared about August 1. It did some damage to 
Series II, but considerably more to Series I and III. . Unlike the 
experiment at Geneva, we had here much better foliage on Series 
II, sprayed five times, than on Series I, sprayed three times. 


AS SHOWN RY THE YIELD, 


At Geneva.—The potatoes were dug by hand October 21. At 
this time the unsprayed plants had been dead over a month and the 
sprayed plants about 18 days. ; 

The product of each row was carefully sorted into three grades 
—marketable, rotten and culls. According to our usual method, 
all sound tubers larger than a hen’s egg were graded .as market- 
able. 
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TABLE VII.—YIELDS IN THE EXPERIMENT AT GENEVA. 
—__ 











YIELD PER ROW.® YIELD PER ACRE. 
SecTION. | Row. Treatment. a 
Market-| Culls.| Marketable. - | Culls. 
Lbs. | Lbs. | Bu. Lbs. Bu.| Lbs. 
ipieSpraved 6 times-........ 280 So eee PAO) 'P- 30: 
1 iT aed Zeimoptayed. 5. timicSa. cet. «os 269 42 | 224 10 35 — 
SoU NSpTa VEd.e newts ners cin. 191 47 | 159 10 39 10 
4eSprayed.3 times... ....... 258 38 | 215 — 31 40 
Bee oe. Sigoprayed. O.timMeseh ner. ea 295 40 | 245 50 33 20 
Gri nsprayed asc. se sue. 130 28 | 108 PAY) Bas? 20: 
WeeOpTaAyed. ortimesias. oh 5: 284 38 | 236 40 31 40 
CEs Suiboprayed) 5 timess. ns. a. 270 39 | 225 — 32 30 
OEimUnsprayeds 8 .ee tae coe 154 34 | 128 20 28 20 
LOMeopraved-s times. .4 2... .- 271 SSsieee0 bog 40. 
Dene Linde oprayecdro tines) oe 292 45 | 243 20 37 30 
MBO NSPTAVeCea. (eee e: 153 42 | 127 30%) 35 — 
Hele optayed! a. times. 4.4.0). 285 48 | 237 30 46 40 
| Dele, Seo 14 | Sprayed 5 times......... 302 46 | 251 40 38 20: 
Pope UnGpra vedere ae) aor (148 42 | 123 20 mea — 
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6 Rows 290.4 feet long by three feet wide making the area of each row exactly one- 
fiftieth acre. Concerning the loss from rot see page 128. 

7It will be observed that Row 3 gave the largest yield of any unsprayed row. This 
is owing to it having been sprayed once by mistake. Hence, incomputing the average 
yields all three rows of Section A should be rejected. 


Comments on the table—(1) In Sections A and C the three- 
sprayed row outyielded the five-sprayed row. The reason for this 
is unknown but it is certainly not due to the spraying. 

_ (2) In every section both of the sprayed rows greatly outyielded 
the unsprayed row. 

(3) In different sections the yields of rows treated in the same 
way varied considerably. This has happened also in all three of the 
previous experiments. It can not be avoided. Confidence is to 
be placed only in averages. | | 

(4) Leaving Section A out of consideration (because of the 
error on Row 3) there were fewer culls on the unsprayed than on 
the sprayed rows. On the unsprayed rows the average yield of 
culls was 30 bu. 25 lbs. per acre while on both of the sprayed 
series the average was 35 bu. 25 lbs. per acre. This is somewhat 
unusual. As a rule there are more culls on the unsprayed rows. 
In the ten-year experiment at Geneva in 1904 there were more than 
twice as many culls on the unsprayed rows as on the sprayed. 

Yield by series—The four rows sprayed three times constitute 
Series I and the average yield of these four rows makes the yield 
ef Series I. The yields given for Series II and III have been com- 


. 
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puted in the same manner. The yield by series is shown in the 
following table: 


TaBLeE VIII.—YIELD By SERIES AT GENEVA. 

















SERIES. Rows.® Dates of spraying. Yie d per acre 
i a Bikol Ae ek Os 7d eae Bu. Lbs. 

je 5 Ae 4.07, LObANGuloh gad July 3; ACpust’7 and Zon. eee 228 45 
Serre oF 518.4. Liands 1 4eee ee June 29, July 13, 27, August 12 and 24.| 241 15 
Scan ee eee 6.9. Los beer =a Not-sprayéd ache aoe te ee eee 121 De 











8 The rows of Section A (Nos. 1, 2 and 3) have been omitted because of error, 
Increase in yield due to spraying ‘three times, 107 bu. per acre. 
Increase in yield due to spraying five times, 1194 bu. per acre. 


This year the difference in yield between Series I, sprayed three 
times, and Series II, sprayed five times, was less than ever before, 
being only 12%4 bushels per acre. Considering that there was no 
apparent difference in the foliage no marked difference in yield was 
to be expected. 

Loss from rot.—The loss from rot was greater than in any ot 
the preceding experiments. Owing to the fact that some of the 
affected tubers were in an advanced stage of decay it was impossible 
to determine accurately the loss from rot, but on each row the 
approximate weight of rotten tubers was ascertained. It was found 
that on Series I, sprayed three times, the loss from rot was at the 
rate of 6 bu. 4o Ibs. per acre; on Series II, sprayed five 
times, 6 bu. 15 Ibs. per acre; while on Series III, not sprayed, 
it was 47 bu. 30 lbs. per acre. In other words spraying 
reduced the loss from rot by 41 bushels per acre. Such 
was the situation at digging time. It sometimes happens that 
potatoes apparently sound at digging time subsequently decay in 
storage. This happened in the ten-year experiment at Geneva in 
1904. (See foot note on page 112 of Bulletin 264). In order to 
determine the extent of such loss in the 1905 experiment the tubers 
from each of three rows (Rows 8, 9 and 10) were stored in crates 
in a good cellar from October 21 until December 9 and then ex- 
amined. In the four and one-half bushels of tubers from Row 8 
there were only two affected tubers; in two and one-half bushels 
from Row 9g there were also two affected tubers while in the four 
and one-half bushels from Row to not a single tuber showed signs 
of rot. The potatoes were not sorted more carefully at digging 
time in 1905 than in 1904. Our opinion is that in 1904 the potatoes 
were dug too soon after the tops died. 
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FIG. I.— MARKETABLE TUBERS. 
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Spraying reduced the loss from rot by 4 bu. per acre. 


PLATE II].—Propuct IN TEN-YEAR EXPERIMENT AT GENEVA. 
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At Riverhead.—In the experiment at Riverhead the potatoes 
were dug on September 16 and sorted into two grades, marketable 
tubers and culls, in the same manner as at Geneva. 


TABLE IX.—YIELDS IN THE EXPERIMENT AT RIVERHEAD. 























YIELD PER ROW.” YIELD PER ACRE. 
SECTION.| Row. Treatment. = = |——----—-——— |—-—_-—-—— a 
eee eas. “Marketable. Culls. 
PL bs lbs Boe iDbses Bu. Lbs: 
PW opravedes: times alsa + | 295 A) LY) Plays | AY) 1 
|S o eeotan rae DRE ODEAVER D GIMNeES Ws . Gis a ont 20 299 45 | 18 20 
NOS praAyedirs sa eeh eet 244 | 26 223 40 | 23 50 
AMI OpPravedco tiles. «cise. ace 272 | 23 | 249 20-20 45 
leks ae ee DMO pla VEG oaciTMeSamars sche oeapel | Mpa: AN At Ore oye 748) 45 
Gum Notisprayed fy as dese <cles 255 20 233 45 | 18 20 
MS Dia VeG ro bITTeSh.s ake + sl en. 285 164 | 261 5 5 aT 
OS ets Fo Pe ots Seo prayedso-tlines.s sures. BoD 15 307 aes 45 
OV ENGL Sra yess sae Sie ae 248 18 227 PAO ee Bo) 30 
LOM Sprayed) o times... . +. << 271 ne 248 As ey lo NS: 35 
1D eh ae LIM sopra Ved osttmess osi.te oes 314 25 287 EO) I Bae 55 
12 | INGt SPLAV.GC mice. ane ts 6.2 lets 205 i38 -| 187 om eel Gs 30 
| 13 | Sprayed 3 times......... 257 | 20 | 235 35 | 18 20 
Line, ees ta opraved.. Limes tee. «6 3454} 154 | 316 42 | 14 eZ 
LS) jeNOt sprayed. s.r. '< Ailes 256 234 | 234 40 | 21 32 




















® Originally, the rows were 290.4 feet long. Owing to the influence of nearby trees 
plants near the west end did not thrive and so it was believed that the test would be a 
fairer one if this portion of the field was left out of consideration in making up the yields. 
The yields given are for rows 264 feet long by three feet wide, 55 rows being required to 
make an acre. 

Comments on the table—As in previous years, the gain from 
spraying in this experiment was smaller than in the experiment at 
Geneva. On the average, five sprayings gave markedly better re- 
sults than three sprayings. In each section both of the sprayed 
rows outyielded the unsprayed row and the row sprayed five times 


outyielded the row sprayed three times. 


TABLE X.—YIELD BY SERIES AT RIVERHEAD. 











SERIES. Rows. | Dates of spraying. Yield per acre 
B Bu. Lbs. 

1 Aga ee Pea, Oland: 13.542 janet? JulyilS and Aug. 113 : 2iscer 253 — 
Ti. 2, 5,8, ll and 14....| June 14, 30, July 14, 28 and Aug. 11...| 303 41 
Eley oh os ss 3,0, 9, 12 and 15/5. .| Not sprayed ;.<.).. ken. evs een oar ac 221 38 








Increase in yield due to spraying three times, 314 bu. per acre. 
Increase in yield due to spraying five times, 82 bu."per acre. 


Loss from rot.—There was no trace of rot in this experiment, 
not even on the unsprayed rows. 


9 | ) i 
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FARMERS’ BUSINESS EXPERIMENTS. 
OBJECT OF THE EXPERIMENTS, 

Many farmers question the reliability of the results obtained in , 
experiments like the Station ten-year experiments described in this 
bulletin. They doubt that such results can be obtained in ordinary 
farm practice. The common objections to the experiments are: 
(1) They are on too small a scale (three-tenths of an acre); (2) 
the spraying is done more thoroughly than farmers would do it; 
(3) it is difficult to determine accurately the expense of the spray- 
ing; (4) the idea is prevalent that the Station potatoes are given 
extra good care in order that large yields may be obtained.'° 

To satisfy this demand for experiments of a more practical kind 
the Station decided to conduct a series of farmers’ business experi- 
ments so managed as to show the actual profit in spraying potatoes 
under farm conditions. This work was commenced in 1903 with 
six experiments.!! In 1904, fourteen such experiments were made 
and in 1905 the same number. The results have been of such gen- 
eral interest, that it has been decided to make several of these busi- 
ness expriments each season during the remaining six years in 
which the potato spraying experiments are to be continued. 


METHODS. 


The methods employed have been essentially the same as in pre- 
vious years. In the spring of 1905 the Station arranged with 
fourteen farmers in different parts of the State to keep an account 
of their spraying operations on potatoes. An accurate record was 
kept of all the expense of the spraying including labor, chemicals 
and wear of machinery. In each experiment strips of three to 
seven rows were left unsprayed for comparison. These rows re- 
ceived no bordeaux mixture but were treated with poison to pro- 
tect the plants from bugs. In four of the experiments there was 
but a single unsprayed strip; in nine experiments there were two 
unsprayed strips; and in one experiment there were three of the un- 
sprayed strips. Hence, so far as concerns the increase in yield 


* For a discussion of these objections see Bulletin 221, pages 257-261. 

™ Details of the business experiments in 1903 were published in Bulletin 
241, pp. 267-282; and those of the experiments in 1904 in Bulletin 264, 
pp. 116-152. 
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due to spraying, these fourteen experiments really included 23 
separate tests. All work connected with the spraying was done by 
the farmers themselves in such manner as they deemed best. 

In the fall, the tubers on one or more of the unsprayed rows 
were carefully weighed. The same was done with one or more 
sprayed rows on either side. In this manner it was determined 
how much the yield had been increased by spraying. In all except 
one case, a representative of the Station was present when the test 
rows were dug and assisted with the weighing. The length and 
width of the rows were carefully measured, the Station representa- 
tive assisting with this, also. Accordingly we can vouch for the 
accuracy of the yields reported. 

It was our intention to visit each of the experiments two or 
three times during the spraying season for the purpose of taking 
notes, but this was found impracticable for the three experiments 
in the northern part of the State. On this account there is a re- 
grettable lack of information concerning the prevalence of blight 
and insects in some of the experiments. 

The experiment fields varied in size from six to twenty-one 
acres, the total acreage of the fourteen experiments being 16624 
acres. As far as practicable they were placed in localities where 
the potato is a leading farm crop. In eleven of the experiments 
the test rows were in plain view from a public road so that the re- 
sults could be seen by passersby. 

The method of spraying in the Hebron experiment was one we 
call the two-hose-and-three-men method. In the other thirteen ex- 
periments the spraying was done with horse sprayers of several 
different kinds covering three to seven rows at each passage.” 


“Nothing is said in this bulletin concerning the relative merits of dif- 
ferent potato sprayers. It has been our aim to have the leading potato 
sprayers represented in the experiments, but this is not a comparative test 
of spraying machinery. The larger gain or larger net profit obtained in some 
experiments than in others is not necessarily due to a difference in the kind 
of sprayer used. It is impossible to make close comparisons because the 
conditions in the different experiments vary greatly. The Station is obliged 
to decline to answer the question, Which isthe best potato sprayer? We can 
only say that there are now upon the market several good, practical potato 
sprayers. The excellent results obtained in the business experiments during 
the past three years are proof of this. 


132 REPORT OF THE BOTANICAL DEPARTMENT OF THE 


THE GOWANDA EXPERIMENT. 


This experiment was made by E. T. Ryder, Gowanda, Catta- 
raugus county. Ten acres of potatoes, variety Rural New York 
No. 2, were sprayed with bordeaux and paris green four times on 
the following dates: ‘June 28 and 20, July 7 and 8, July 14 and 15 
and August 2 and 3. The spraying outfit used consisted of a one- 
horse, home-made, two-wheeled cart carrying a Spramotor barrel 
spray pump and a Spramotor potato spraying attachment rigged to 
cover three rows at a time with four nozzles per row. (See Plate 
III, fig. 1). The pumping was done by the driver. Water for 
niaking the bordeaux was conveniently obtained from a small 
stream at one end of the field. 

Six rows 1150 feet long were left unsprayed. These rows were 
treated four times with paris green in water applied with the 
sprayer on the same dates that bordeaux and paris green were ap- 
plied to the sprayed portion of the field. Bugs were kept well under 
control on the sprayed and unsprayed rows alike. 

The items of expense of spraying the ten acres four times were 
as follows: 


216". “‘Ibs,- copper sulphate .@ 15540122... s.9.s te oe ee eee ee $11.88 
174. bb lime Siri soe veces les Sone ds ee 1.50 
4% gals. stock solution of arsenite of soda @ I6c.............. “72 
14 of lbsa:paris: greem, G)250:", ©... cons ee Ee ee pe 3.50 
30) hrs: dabor fOr: man“) tStsina. eekces vce el eee ee 12.00 
40, Pts. labGr- Or MOVs i eeCr. «ert es ee ee ace 3.00 
Wear on spraying outht so ooc. es Pu. tac ae ee 5.00 
Aisle loner, PRET IS. for ctr rl ee? py $37.60 


The total cost of spraying was $3.76 per acre or 94 cents per acre 
for each application. 

As late as July 28 there was no apparent difference between 
the sprayed and unsprayed rows. During August late blight 
attacked the unsprayed rows causing considerable damage. 
Before the plants were killed by frost, on September 14, there 
was a marked contrast between the sprayed and unsprayed rows. 

The test rows were dug and weighed October 6. Owing to lack 
of time only 500 feet of the rows was dug. The rows used for 
comparison were one of the middle two unsprayed rows, the second 
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sprayed row on one side and the first sprayed row on the other 
side. The yields were as follows: 

Second sprayed row on the west, 326 lbs. marketable tubers. 

First sprayed row on the east,” 196 lbs. marketable tubers. 

Average of two sprayed rows, 261 lbs. marketable tubers. 

One of the middle two unsprayed rows, 169 lbs. marketable tubers. 

Vield, sprayed, 133 bu. 46 lbs. marketable tubers per acre. 

Yield, unsprayed, 87 bu. 37 lbs. marketable tubers per acre. 

Gain, 46 bu. 9 Ibs. marketable tubers per acre. 

Spraying increased the yield at the rate of 52.5 per ct. 

The yield of small potatoes or culls was at the rate of 59 bu. 
58 lbs. per acre for the sprayed and 52 bu. 17 lbs. per acre for 
the unsprayed, making a difference of 7 bu. 41 lbs. per acre in 
favor of the sprayed. Usually the greater yield of culls is on the 
unsprayed rows. 

There was no loss from rot either on the sprayed or on the un- 
sprayed rows. 

At 60 cents per bushel, the market price of potatoes in Gowanda 
at digging time, 46 bu. 9 Ibs. of potatoes would be worth $27.60. 
Substracting $3.76, the cost of spraying per acre, we have left a 
net profit of $23.93 per acre. 


THE GAINESVILLE EXPERIMENT. 


This experiment was made by Brainerd & Beaurhont, Gaines- 
ville, Wyoming county, who conducted a similar experiment for 
the Station in 1904. A field of sixteen acres (variety, Sir Walter 
Raleigh and Carman No. 3 mixed) was sprayed seven times on 
the following dates: June 29-30, July 7-8, July 14-15, August 2, 
10, 16 and 26. The sprayer used was the “Aroostook” power 
sprayer covering 5 rows at each passage.’* Poison (arsenite of 
soda) was used with the bordeaux in the first five sprayings. 

Five rows 240 feet long were left unsprayed. Although paris 
green was applied to these rows on the same dates that poison was 
used on the sprayed rows and twice more, between times, bugs 
caused slightly more damage here than on the sprayed rows. It 


™ As a general rule the second rather than the first sprayed row should be 
used, but it was not possible in this case as the second sprayed row had been 
dug previously by mistake. 

“For an illustration of the sprayer used in the Gainesville experiment see 
Bulletin 264, Plate VII, tig. 1. 
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is unquestionably true that bugs are more easily controlled when 
the poison is used with bordeaux. 
The expense account included the following items: 


748 lbs.;copper sulphates “A-SC. 2.050... ea $43.38 
580°“: Lime. (@:. aaatih aes Fees eee ee 5.10 
58 white ‘arsénic'(@ 4u3-307 09). ak oS ee ee 227% 
T18¢.™ “sal” soda “(a c1Cee Wee ce re 1.18 
112 hrs, labor, for Aan ta TSC. seas Oe ee eee 16.80 
70\.°°. labor for team atscay ete ek ee eee 11.85 
Wear. von .Sprayorcnces sect pti oo Set ae one ae 5.60 

Ot ree eae ee FREAD PRONE brite Bie epee at Fn $86.62 


The total cost of spraying was $5.41 per acre or 7714 cents per 
acre for each application. 

Mr. Brainerd reports that up to August 7 there were no signs 
of late blight. By August 16 the unsprayed rows were considerably 
blighted and there were traces of the disease on the sprayed rows 
also. The unsprayed rows were practically dead by September 1 
while the sprayed rows remained green until frost which occurred 
on the night of September 13. Mr. Brainerd holds that the actual 
benefit from spraying is greater than experiments of this kind show. 
Small quantities of spray drift onto the unsprayed rows and fur- 
nish some protection against blight, so that they remain green longer 
than the unsprayed fields in the same locality. According to our 
observations this is usually the case and we believe that Mr 
Brainerd’s opinion is a correct one. 

The test rows were dug and weighed on October 4 with the 
following results: 


Second sprayed row on the west, 217 lbs. marketable tubers. 
Second sprayed row on the east, 217 !bs. maketable tubers. 
Average for the two sprayed rows, 217 lbs. marketable tubers. 
Middle unsprayed row, 153 lbs. marketable tubers. 

Yield, sprayed, 225 bu. 2 lbs. marketable tubers per acre. 
Vieid, unsprayed, 157 bu. 40 lbs. marketable tubers per acre. 
Gain, 67 bu. 22 lbs. marketable tubers her acre. 


Spraying increased the yield of marketable tubers 42.7 per ct. 

The yield of culls was 24 bu. 22 lbs. per acre for the sprayed and 
43 bu. 33 lbs. per acre for the unsprayed making a difference of 
19.bu. 11 lbs, per: acre in. favor of the unsprayed. 

There was practically no loss from rot either on the sprayed or 
the unsprayed. 
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On the date of digging the test rows the market price of potatoes 
in Gainesville was 43 cents per bushel of 62 pounds. At this price 
the value of the increase would be $28.04 per acre. Subtracting 
from this $5.41, the cost of spraying, we have left a net proft of 
$22.63 per acre. However, the actual profit in this experiment was 
considerably greater than this. Most of the crop was stored and 
afterward sold at 58 cents per bushel and upward. 


THE ARKPORT EXPERIMENT. 

Conducted by Taylor Bros., Arkport, Steuben county. These 
gentlemen are extensive potato growers, growing and spraying 55 
acres of potatoes in 1905. However, the experiment here described 
was confined to one field of six acres. The variety was Sir Walter 
Raleigh. The potatoes were sprayed four times — July I, 6, I0 
and 25. The machine used was a one-horse, Aspinwall power 
potato sprayer carrying eight nozzles and covering four rows at 
each passage. Bugs being exceedingly troublesome, paris green 
was used with the bordeaux in all five sprayings at the rate of one 
pound per acre. 

Three unsprayed rows 1450 feet long were left as a check. These 
were treated with paris green as many times and on the same dates 
as the sprayed rows, but they were slightly more damaged by bugs 
than were the sprayed rows. ‘Taylor Bros. state that bugs were un- 
usually difficult to control. They found the paris green more 
effective when used with bordeaux than when used alone. 

The expense of spraying six acres four times was as follows: 


Paaelibscmeonnercuinhate (a) G85C7.-0 sic nt vo, c4 os oe denier pekiane as $9. 36 
EMME SMO oc rts gel ok stor Sha ge fatees we oe cine t 2 
MEM ER TIS. TERY (DOC 2h pees. OT eh e ote lee al bea 5.20 
Pee wlabOrstor Man-and \horse,@ 300.) ve. bi. ws's Soe eee Sones 6.00 
ee Re ere EM ont as kt aide «fae bes Che ae etre 2.40 

TTI eit cuca hangin ak iat gyre ies ak eine Ase” BPRS PO A ge ae $23.68 


The total cost of spraying was $3.95 per acre or 98% cents per 
acre for each application. However, when it is considered that four 
applications of paris green for bugs would have been required any- 
way it will be seen that the actual extra expense of the spraying 
for blight was only the cost of the copper sulphate which was 
$9.36 or $1.56 per acre. 
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Up to August 1 there was not even a trace of late blight in the 
experiment field. At that time there was no difference between the 
sprayed and unsprayed rows except that the latter seemed to have 
been slightly more injured by bugs. We did not see the experi- 
ment after August 1 and have no definite information as to the 
cause of the increased yield on the sprayed rows. 

The potatoes having been planted early, matured early. The test 
rows were dug September 7. They were sorted and weighed by 
Mr. S. H. Cridler of Arkport, no representative of the Station 
being present. The yields were as follows: 


Second sprayed row on the west, 882 lbs. marketable tubers. 
Middle unsprayed row, 674 lbs. marketable tubers. 
Yield, sprayed, 147 bu. marketable tubers per acre. 
Yield, unsprayed, 112 bu. 20 lbs. marketable tubers per acre. 
Gain, 34 bu. 40 Ibs. marketable tubers per acre. 
Spraying increased the yield of marketable tubers 30.8 per ct. 
No record was kept of the yield of culls. There was no rot. 
On October 12 the market price of potatoes in Arkport was 50 
cents per bushel. At this price, 3424 bushels of potatoes would 
be worth $17.33. Subtracting $3.95, the cost of spraying, we have 
left a net profit of $13.39 per acre. 
Owing to early planting, the potatoes must have been nearly 
mature before blight became epidemic. This probably explains the 
small gain in this experiment. 


THE ATLANTA EXPERIMENT. 


Conducted by T. S. Darling, Atlanta, Steuben county. As this 
experiment covered two fields of four acres each, of different 
varieties and planted at different times it was thought best to leave 
an unsprayed strip in each field. The spraying in both fields was 
done with a “ Watson” one-horse, four-row power sprayer. In the 
earlier sprayings, only one nozzle was used while in the later 
sprayings two nozzles per row were used. We believe this a good 
practice. Water for making the bordeaux was hauled to the field 
in barrels on a wagon a distance of about one-half mile. A separate 
account was kept with each field. 

Field No. 1.—This field contained four acres of the variety Car- 
man No. 1. It was sprayed four times —July 7, 20, August 1 
and 14. One nozzle per row was used in the first three sprayings 
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and two nozzles per row in the last one. In the first three spray- 
ings paris green was applied with the bordeaux. 
Three rows 335 feet long were left unsprayed. Paris green was 
applied to these rows frequently so that bugs did not injure them. 
The items of expense were as follows: 


IME emo PCH, SUIDIALC “(eI 2c wig oles cleenia-y yisinjalee vie kb eo cman 's $7.70 
115 “TESS IRE ge ier 9 ite Se ug il 62) a See ne ere 1.45 
SA ECE OT COT « (lk 2OG ae Wa at hte e << 6 Dike Sue SAT a NTO ws 6G Bloke» .50 

Seti S SLCC Aer Ole cart Tee Malte oo eC hm Sica k a-6 wre wey, oe wo 1.88 

ie eetesiabon tOT Mair and, HOTSe:(@) 25C. sw. 5s. one cele orca ys se 2.63 
OLMIS Flic emer etch teat wid Ni ne Pie oir eee Sickie Own Th ke Oca wk hes 2.00 
“ETE 5 "ye te i gt aie RE La ar a $16.16 


The total cost of spraying was $4.04 per acre or $1.01 per acre 
for each application. 

The test rows were dug and weighed on September 29th, a 
Station representative assisting with the work. 

The yields were as follows: 


Second sprayed row on the north, 133 Ibs. marketable tubers. 
Second sprayed row on the south, 132 lbs. marketable tubers. 
Average of two sprayed rows, 13214 lbs. marketable tubers. 
Middle unsprayed row, 71 ibs. marketable tubers. 

Yield, sprayed, 107 bu. 35 lbs. marketable tubers per acre. 

Yield, unsprayed, 57 bu. 56 lbs. marketable tubers per acre. 
Gain, 49 bu. 39 lbs. marketable tubers per acre. 


Spraying increased the yield 85.7 per ct. There were but few 
rotten tubers. 

The yield of culls was 9 bu. 15 lbs. per acre for the sprayed and 
33 bu. 44 lbs. for the unsprayed, making a difference of 24 bu. 
29 Ibs. per acre in favor of the unsprayed. Owing to the pre- 
mature death of the plants on the unsprayed rows many tubers 
failed to attain marketable size. 

At 50 cents per bushel the market price of potatoes in Atlanta 
the day the test rows were dug, the value of the increase would be 
$24.82. Subtracting $4.04, the cost of spraying, we have left a 
net profit of $20.78 per acre. 

Field No. 2——This field also contained‘ four acres of the variety 
Sir Walter Raleigh planted several days later than Field No. 1. It 
was sprayed only three times — July 18, August 1 and 24. One 
nozzle per row was used in the first two sprayings and two nozzles 
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per row in the last one. Paris green was applied with the bordeaux 
only in the first two sprayings. 

Three rows 626 feet long were left unsprayed. Tlicse rows 
were treated with paris green frequently so that bugs did no harm, 
but in one application the plants were slightly injured by the paris 


green. 
The expense of the spraying was as follows: 

742. lbs. "copper sulphate -(@ 7c) ..cc it, -0. 1. eee ieee cee ee $5.18 
75 oF WLS TVLE Ny Segeemeae osu oe cae eae tee aint nie aaah 6 ae eee ae da 1.00 
) ie APATIS SQ T CEN HO) (25Cc Mie Von ek ete erie Ge eee 1.75 
7s NYslavporriOf .1nan and Norse (a) 25C.u04 vase. ceeee ee 1.88 
Wats GN -SSPTayerics¥.ox eo. wala dee we hae Winks renames Te ee ee 2.00 

Totals: wie ca's gem a ee os ce oe ce ee eee $11.81 


The total cost of spraying was $2.95 per acre or 98 cents per 
acre for each application. 
The test rows were dug September 29 with the following results: 


Second sprayed row on the north, 226 lbs. marketable tubers. 
Second sprayed row on the south, 231 lbs. marketable tubers. 
Average of two sprayed rows, 228% lbs. marketable tubers. 
Middle unsprayed row, 140 lbs. marketable tubers. 

Yield, sprayed, 99 bu. 56 lbs. marketable tubers per acre 

Yield, unsprayed, 61 bu. 14 lbs. marketable tubers per acre. 
Gain, 38 bu. 42 lbs. marketable tubers per acre. 


In this experiment, also, there was practically no loss from rot. 
Spraying increased the yield of marketable tubers 63.2 per ct. 

The yield of culls was 5 bu. 31 lbs. per acre for the sprayed and 
fourteen bushels for the unsprayed, making a difference of 8 bu. 
2g lbs. per acre in favor of the unsprayed. 

At 50 cents per bushel the value of the increase in this experi- 
ment would be $19.35. After deducting $2.95, the cost of spray- 
ing we have left a net profit of $16.40 per acre. 

Combining the results obtained in the two fields there is an 
average gain of 44 bu. Io lbs. per acre and an average net profit of 
$18.59 per acre. 

The gain in both these experiments seems to have been due 
chiefly to protection against late blight. There was no trace of the 
disease in either experiment on August 1, but it appeared soon 
after and wrought serious injury to the unsprayed rows. Mr. 
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Darling states that the sprayed rows lived about four weeks longer 
than’ the unsprayed. The contrast was very marked. 
THE SPENCERPORT EXPERIMENT. 

This experiment was made by F. E. Gott, Spencerport, Monroe 
county. Mr. Gott conducted a similar experiment for the Station 
in 1904. In 1905 the experiment field contained fourteen acres 
planted with three different varieties. Owing to washing out and 
rotting of the “seed” in several places the crop on about four 
acres was practically worthless. In spraying it was necessary to 
drive the sprayer over nearly the whole of the fourteen acres, but 
in going across the bare areas the spray was shut off. This makes 
it difficult to determine accurately the expense of the spraying. Mr. 
Gott is of the opinion that the total expense, $24.40, should be con- 
sidered as being the result of spraying ten acres three times. ‘This 
would make the total expense per acre $2.44 or 81 cents per acre 
for each application. ‘The items are as follows: 


Peet eC ODD SUIPNAGS Choa Chai «os anion bc cb aes ceed drdueceee $6.75 
RUEMIDIMETA TT Cee mS Oe eG ore oat Be Oakes Were weal cle vies %.25 
21 ES ESOT ley eek a0 PN (C8 0 <0 ee a 720 
LNCS I OU SCAT (CE AOCHEN fei. sl Shas od eee URES wale 7.20 
emer CIES TAY Cle Merc, Ce acea errs Th ited As) a ee wwe e ee bs 2.00 
“OTIS fee OR ore age fal 0 ee al oe Sar a Pe ga a $24.40 


The spraying outfit was the same one used in the 1904 experi- 
ment; namely, a home-made, two-horse rig spraying three rows at 
a time with one nozzle per row.1® Two men are required to operate 
it— one to pump and one to drive. The dates of spraying were 
August 7, 23, 25 and September 6. 

Three rows 664 feet long and of the variety White Giant were 
left unsprayed. 

Before spraying was commenced one application of paris green 
was made, wherever needed, over the whole field including the un- 
sprayed rows. Further than this no poison was required either on 
the sprayed or the unsprayed rows. 

As late as September 1 there was no difference between the 
sprayed and unsprayed rows, but by September 15 there was a 


* For an illustration of the spraying outfit used in the Spencerport experi- 


ment see Bulletin 264, Plate VII, fig. 2. 
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marked contrast, the unsprayed rows being practically dead while 
the sprayed rows were still green. On September 23 the test rows 
were photographed (See Plate V). At that time the unsprayed 
rows were dead and the stalks of the plants mostly dry while the 
nearby sprayed rows on the west still retained one-third to one- 
half their foliage. For some unexplained reason the sprayed rows 
on the east side of the unsprayed strip were considerably less green 
than those on the west. Still there was much contrast as is plainly 
shown in the photograph. 

Not having an opportunity to examine the field after the out- 
break of blight until September 23 the writers are in doubt as to 
the nature of the disease which killed the unsprayed rows. Tip- 
burn and early blight were certainly factors and probably late 
blight, Phytophthora infestans, also, played an important part 
although there was little evidence of it on the plants September 23. 

The test rows were dug October 30 and the yields found to be 
as follows: 


Second sprayed row on the west, 468 lbs. marketable tubers. 
Second sprayed row on the east, 278 lbs. marketable tubers. 
Average of two sprayed rows, 373 lbs. marketable tubers. 
Middle unsprayed row, 227 lbs. marketable tubers. 

Yield, sprayed, 135 bu. 53 lbs. marketable tubers per acre. 
Yield, unsprayed, 82 bu. 42 lbs. marketable tubers per acre. 
Gain, 53 bu. rr lbs. marketable tubers per acre. 


Spraying increased the yield of marketable tubers 64.3 perc 
There was no rot worth mentioning either on the sprayed or un- 
sprayed rows. 

The yield of culls was at the rate of 10 bu. 53 lbs. per acre for 
the sprayed and 16 bu. 23 lbs. per acre for the unsprayed rows, 
making a difference of 5% bushels per acre in favor of the un- 
sprayed. 

Why there should have been such a wide difference in yield be- 
tween the two sprayed rows is not known. Mr. Gott states that so 
far as he knows the two rows had an equal chance in all respects. 
Although they were sprayed alike the west row remained green 
somewhat the longer. 

At 60 cents per bushel, the market price at digging time, 53 bu. 
11 lbs. of potatoes would be worth $31.91. Subtracting $2.44, the 
cost of spraying, there is left a net profit of $29.47 per acre. 
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As the bulk of the crop was sold within a short time after 
digging at an average price of about 70 cents per bushel, the actual 
net profit was about one-sixth greater than is shown by the figures 
given above. 

THE CORTLAND EXPERIMENT. 


This experiment was made by Geo. H. Hyde, Cortland, N. Y. 
It included six acres of potatoes in two fields. Three unsprayed 
rows were left in each field. The spraying was done with a 
“Watson” one-horse, four-row power sprayer like the one used 
in the Atlanta experiment. Both fields were sprayed five times, 
with one nozzle per row in the first three sprayings and two nozzles 
per row in the last two. The bordeaux used in the first three 
Sprayings contained five pounds of copper sulphate and six pounds 
of lime to each fifty gallons (5-6-50 formula) while that used in 
the last two sprayings was of the 6-6-50 formula. In both fields 
paris green was used with the bordeaux only in the first two spray- 
ings. The items of expense for spraying six acres five times were 


as follows: 
Eee et SUIDNAT ee MA UGl Alice oka enc Agel dew eh eb sak vel $18.00 
1 RLS TAREERSS (So jeep 2g ita Ss an an ge ee Une a 1.30 
Pee Eom ReCIr Mir s1OGme he nis ais G's ttt el Cele Buren 3.96 
DS et nyare Veet es (Tee ee GN Ete SS ne ne 3.75 
MSC LOG NOLS eS OU 1252 Cala Pawan te onan iota Vesyowinn visu eas 2.50 
OCT Cl sti Seance sig dig ho fica ob hee, yk oes Sse pew ad ese 9.45 
EOE 7 enh ue, 96 8 ag SA ape RN a $38.96 


The total cost of spraying was $6.50 per acre or $1.30 per acre for 
each application. 

It will be observed that the cost of spraying in this experiment is 
considerably higher than in the Atlanta experiment (page 137) in 
which the same kind of a sprayer was used and nearly the same 
acreage sprayed. This is chiefly owing to the larger quantity of 
copper sulphate used and the larger allowance for wear of sprayer. 

Field No. 1.—This field contained four acres of potatoes of the 
variety World’s Superior, planted May 15. The dates of spraying 
were July 7, 11, 27, August 9 and 21. Three rows 439 feet long 
were left unsprayed. Paris green was applied to these rows five 
times — three times with a powder gun and twice in the form of 
spray — the first two applications being made on July 7 and 11 the 
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same dates on which paris green was used with the bordeaux 
mixture on the sprayed rows. 

The test rows were dug with a potato digger October 5. The 
yields were as follows: 


Second sprayed row on the west, 458 lbs. marketable tubers. 
Second sprayed row on the east, 467 Ibs. marketable tubers. 
Average of two sprayed rows, 462% lbs. marketable tubers. 
Yield, sprayed, 254 bu. 55 lbs. marketable tubers per acre. 
Yield, unsprayed, 51 bu. 15 lbs. marketable tubers per acre. 
Gain, 203 bu. 40 lbs. marketable tubers per acre. 


The yield of culls was remarkably small being only 4 bu. 58 Ibs. 
per acre for the sprayed and 9 bu. 55 lbs. per acre for the un- 
sprayed. 

There was no rot whatever in this field either on the sprayed or 
unsprayed rows. The crop as a whole was an unusually satis- 
factory one. The tubers were uniformly smooth, clean, of good 
size and shape and perfectly sound. 

Field No. 2.—This field contained two acres of the vee Nor- 
cross, planted May 20. The dates of spraying were July 7, I1, 24, 
August 4 and 18. Three rows 831 feet long were left unsprayed. 
They were treated five times with paris green in the same manner 
and on the same dates as the unsprayed rows in Field No. 1. The 
test rows were dug October 5 with a potato digger. The yields 
were as follows: 


Second sprayed row on the west, 604 lbs. marketable tubers. 
Second sprayed row on the east, 649 lbs. marketable tubers. 
Average of two sprayed rows, 62614 lbs. marketable tubers. 
Middle unsprayed row, 138 lbs. marketable tubers. 

Vield, sprayed, 82 bu. 25 lbs. marketable tubers per acre. 
Yield, unsprayed, 40 bu. 11 lbs. marketable tubers per acre. 
Gain, 142 bu. 14 lbs. marketable tubers per acre. 


In this experiment there was a little rot and there was some- 
what more of it on the sprayed than on the unsprayed rows. The 
small and rotten tubers were weighed together, the yields being 
12 bu. 31 lbs. per acre for the sprayed and ro bu. 38 lbs. per acre 
for the unsprayed. 

Combining the results obtained in the two fieids we have an 
average gain of 172 bu. 57 lbs. marketable tubers per acre. How- 
ever, all of this gain should not be attributed to spraying. The con- 
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ditions in this experiment were unusual. The sprayer failing to 
arrive from the factory as soon as was expected, bugs became very 
numerous in both fields before any spraying could be done. The 
first spraying was made July 7 with bordeaux and paris green. A 
second spraying was made on July 11. These two applications 
checked the bugs so effectually that the sprayed rows required nc 
more poison during the remainder of the season. But on the un- 
sprayed rows it was different. Although in both fields the un- 
sprayed rows, also, were treated with paris green on July 7 and 11, 
by means of a powder gun, the bugs continued their depredations ; 
and even by three additional applications of paris green (once with 
a powder gun and twice with a hand sprayer) the bugs were only 
partially controlled. In spite of all that could be done the un- 
sprayed rows in both fields were ruined by bugs. Most of the 
damage was done by mature beetles which bit off the leaf stalks 
to such an extent that the ground was covered with the fallen leaves. 
Mr. Hyde is of the opinion that spraying drove the beetles to the 
unsprayed rows causing these rows to be more severely attacked 
than they would have been had no spraying been done. Such may 
have been the case. Our personal observations were too few to 
enable us to express a positive opinion on the subject. Whatever 
the true explanation, the fact stands out prominently that two ap- 
plications of paris green with bordeaux gave full protection against 
bugs where five applications by ordinary methods utterly failed. 

Neither early blight nor flea beetles were important factors in 
this experiment. Late blight probably hastened the death of the 
unsprayed rows, particularly in Field No. 2; but most of the injury 
was due to bugs. 

Because of the uncertainty as to what part of the gain in this 
experiment should be credited to spraying, the results have not 
been used in making up the averages on page 161. Had this ex- 
periment been included, the average gain due to spraying in the 
business experiments would have been 5514 bushels per acre. Mr. 
Hyde is satisfied that the spraying was highly profitable. He be- 
lieves that it doubled his yield. 


THE CASSVILLE EXPERIMENT. 


This experiment was conducted by P. S. Doolittle, Cassville, 
Oneida county. Eleven acres of potatoes, variety Carman No. 3. 
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were sprayed five times — July 11, 20, August 4, 18 and September 
2. The sprayer used was an Aspinwall one-horse, four-row power 
sprayer carrying one nozzle per row in the first spraying and two 
nozzles per row in the other four. (Plate IV, fig. 1.) The 
bordeaux was made by the 6-6-50 formula and the water used in 
its preparation was obtained from a well at one corner of the field. 
One man pumped the water and made the bordeaux while another 
drove the sprayer. Paris green was used with the bordeaux only 
in the first two sprayings at the rate of one pound to 50 gallons. 
In 1904 a part of the field was in sod and the remainder grew 
corn. On each kind of ground four rows 525 feet long were left 
unsprayed. The unsprayed rows were treated twice with paris 
green in water at the same rate and on the same dates as the 
sprayed rows. Also, the application was made with the same 
sprayer. Bugs caused no material injury anywhere. Late blight 
was the principal enemy in this experiment. The unsprayed rows 
blighted much more than the sprayed rows although the latter were 
considerably injured. Toward the close of the season there was a 
marked contrast between the sprayed and unsprayed rows. Even at 
digging time (October 6) it was noticeable that the stalks of the 
unsprayed plants had been dead longer and were much drier than 
those on the sprayed rows. 

The items of expense for spraying eleven acres five times were 
as follows: 


BI TUS LCOPPErPSULD MATE ICD 9a. bee colon toi fee hee oly e eee eee ee $22.19 
S eH lithen(@) <15C00 eine tee ae i ar eee ee 75 
32 [bs."paris: green -@). 2060 ce es Vs Pa ee ee 6.40 
70 irs labor for ‘mat t(@=15e!: oye 21 BER, LEER ee Coe 11.70 
34°-" Jabor for: horse (@iic hay .s ee ee ee ee eee 3.40 

Wears on: sprayer. (sy cacnee etic ears tein ed Pee ke 3.00 

Total 2 22G eet pede ke ee eee Se fate a Se soba inate $47.44 


The total cost of spraying was $4.31 per acre or 86 cents per 
acre for each application. 

Both sets of test rows were dug with a potato digger on October 
6. The yields were as follows: 

Test No. 1. Corn ground. 
Second sprayed row on the north, 193% lbs. marketable tubers. 


Second sprayed row on the south, 198 lbs. marketable tubers. 
Average of two sprayed rows, 19554 lbs. marketable tubers. 
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One of middle two unsprayed rows, 12834 lbs. marketable tubers. 
Yield, sprayed, 90 bu. 9 lbs. marketable tubers per acre. 
Yield, unsprayed, 59 bu. 20 lbs. marketable tubers per acre. 
Gain, 30 bu. 49 lbs. marketable tubers per acre. 
The yield of small and rotten tubers was 39% bushels per acre 


for the sprayed and 34% bushels per acre for the unsprayed. 


Test No. 2. Sod ground. . 
Second sprayed row on the north, 176% lbs. marketable tubers. 
Second sprayed row on the south, 131 Ibs. marketable tubers. 
Average of two sprayed rows, 1535 lbs. marketable tubers. 

One of the middle two unsprayed rows, 75 lbs. marketable tubers. 
Yield, sprayed, 70 bu. 47 Ibs. marketable tubers per acre. 

Yield, unsprayed, 34 bu. 34 lbs: marketable tubers per acre. 
Gain, 36 bu. 13 Ibs. marketable tubers per acre. 

The yield of small and rotten tubers was 50 bu. 10 lbs. per acre 
for the sprayed and 26 bu. 44 lbs. per acre for the unsprayed. 

Combining the results obtained in the two fields we have an 
_average gain of 33 bu. 31 lbs. marketable tubers per acre. This 
is a comparatively small gain, but when the size of the yields is 
taken into consideration the showing made is a good one. Spray- 
ing increased the yield 71.4 per ct. At the time of digging the 
test rows the market price of potatoes in Utica was 75 cents per 
bushel. This makes the value of the increase $25.14 per acre. 
Subtracting $4.31, the cost of spraying, there is left a net profit of 
$20.83 per acre. , 

The loss from rot in this experiment was considerable and it 
was certainly greater on the sprayed than on the unsprayed rows. 
An explanation of this is given on page—. Had. there been no 
unsprayed rows for comparison many would have pronounced the 
‘spraying a failure, while as a matter of fact it was a decided 
success, 

THE VERONA MILLS EXPERIMENT. 


This experiment was made by F. G. Rathbun, Verona Mills, 
Oneida county. Eleven acres of potatoes, in two fields, were 
sprayed five times. One field contained seven acres and the other 
four. In both, the variety was Green Mountain. The dates of 
spraying were as follows: June 24-29, July 12-15, July 24-31, 
August 9-14 and August 19-22. Poison was used with the bor- 
deaux in the first three sprayings. Some unsprayed rows were 

10 
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left in each field and these were treated with poison four times; 
yet in the seven-acre field bugs injured the unsprayed rows some- 
what more than the sprayed rows. The sprayer used was a Spra- 
motor one-horse, five-row power sprayer carrying thirteen nozzles. 
(Plate III, fig. 2.) The bordeaux was made with six pounds of 
copper sulphate and seven pounds of prepared lime to fifty gallons. 
The expense of spraying the eleven acres five times included the 
following items: 


258. Ibs copper zsulphate OG. ae, tits aeons wae ee $15.48 
301 OTM EHO VIC Regs Petes PO Rae Ae ee te 3.01 
40 “paris “greens (Gr bCe Gh ope a ee os ee 6.40 
6144- = “white carsenicX@ 8c: inn ton eee nc ciek ds Dee. he ee .52 

08. hrs. labor “for-man “@-i15c.42.1% e205 ee 14.70 
83 * labor fof. horse) Be, 2. ts ean e see ee 4.15 
Interest and wear on Sprayer.) eto -se cy ee eee II.00 
Lotalc. 225d spite eased so ya eee hae ee $55.26 


The total cost of spraying was $5.02 per acre or $1 per acre for 
each application. 

In both fields the unsprayed rows died somewhat earlier than the 
sprayed owing chiefly to the ravages of iate blight. Neither flea 
beetles nor early blight entered into the problem to any extent. 

The test rows in both fields were dug by hand October 4. The 
results were as follows: 

Seven-acre field—Five rows 477 feet long were left unsprayed. 
The yields in this field were as follows: 

Third sprayed row on the west, 372 lbs. marketable tubers. 
Third sprayed row on the east, 327 lbs. marketable tubers. 
Average of two sprayed rows, 349% lbs. marketable tubers. 
Middle unsprayed row, 28614 lbs. marketable tubers. 

Yield, sprayed, 177 bu. 19 lbs. marketable tubers per acre. 
Yield, unsprayed, 145 bu. 21 lbs. marketable tubers per acre. 
Gain, 31 bu. 58 lbs. marketable tubers per acre. 

There was a little rot on all of the rows and apparently no dif- 
ference between the sprayed and unsprayed. The yield of small 
and rotten tubers was 26 bu. 53 lbs. per acre for the sprayed and 
33 bu. 29 Ibs. per acre for the unsprayed. 

Four-acre field——There were four unsprayed rows 705 feet long. 
The yields in this field were as follows: 


Second sprayed row on the east, 532 lbs. marketable tubers. 
One of the middle unsprayed rows, 338 Ibs. marketable tubers. 
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Yield, sprayed, 182 bu. 39 lbs. marketable tubers per acre. 
Yield, unsprayed, 116 bu. 2 lbs. marketable tubers per acre. 
Gain, 66 bu. 37 lbs. marketable tubers per acre. 

The loss from rot was practically the same as in the seven-acre 
field. There was no noticeable difference between the amount of 
rot on the unsprayed rows and that on the sprayed rows. The yield 
of small and rotten tubers was 11 bu. 4o lbs. per acre for the 
sprayed and 13 bu. 44 lbs. per acre for the unsprayed. 

The average gain per acre in the two fields was 49 bu. 17 Ibs. 
worth $32.03 (at 65 cents per bushel which was the market price 
at digging time). After deducting the cost of spraying, $5.02, there 
remains an average net profit of $27.01 per acre. 


THE CHATEAUGAY EXPERIMENT. 


This experiment was made by Oliver Smith & Son, Chateaugay, 
Franklin county. It included three fields of potatoes having a total 
area of 17 acres. Some unsprayed rows were left in each field. 
The sprayer used was an Iron Age one-horse, four-row power 
sprayer carrying one nozzle per row. The bordeaux was prepared 
by the 6-6-50 formula. Most of the water required was con- 
veniently obtained from a small stream which ran between the larger 
two fields. The items of expense for spraying the entire seventeen 
acres (fifteen acres five times and two acres seven times) were as 


follows: 
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The cost of spraying in this experiment was 77 cents per acre 
for each application. 





“The expense account calls for more copper sulphate than was actually 
used in the spraying. A barrel of stock solution containing 150 pounds of 
copper sulphate broke and a considerable quantity was lost. 
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The two-acre field——The potatoes in this field were of the variety 
Sulphic Beauty and planted May 15. They were sprayed seven 
times — July 3, 8, 22, August 1, 17, 28 and September 2. The 
total quantity of bordeaux used was 650 gallons. Paris green was 
used with the bordeaux twice; viz., on July 8 (two pounds per 
acre) and July 22 (one pound per acre). Three rows 323 feet long 
were left unsprayed. Paris green in water was applied to these 
rows twice (July 7 and 20) by means of a knapsack sprayer. The 
chief enemy was late blight which caused the death of the un- 
sprayed rows about September 1 while the sprayed rows were still 
quite green on September 13 when they were killed by frost. No 
damage was done by bugs. The test rows were dug by hand Sep- 
tember 22 with the following results: 

Second sprayed row on the east, 382 lbs. marketable tubers. 
Second sprayed row on the west, 357 lbs. marketable tubers. 
Average of two sprayed rows, 369% Ibs. marketable tubers. 
Middle unsprayed row, 282 lbs. marketable tubers. 

Yield, sprayed, 276 bu. 49 lbs. marketable tubers per acre. 
Yield, unsprayed, 211 bu. 16 lbs. marketable tubers per acre. 
Gain, 65 bu. 33 Ibs. marketable tubers per acre. 

It was plain that spraying had checked the rot. There was 
practically no rot on either sprayed row while on the unsprayed 
row rotten tubers were frequent. The yield of small and rotten 
tubers was 24 bu. 32 lbs. per acre for the sprayed and 69 bu. 28 
Ibs. per acre for the unsprayed. 

The nine-acre field—The variety in this field was Enormous No. 
9, planted May 18. They were given five sprayings, the total 
quantity of bordeaux used being 1,755 gallons. The dates of spray- 
ing were — July 10, 26, August 14-17, 28 and September 2. Paris 
green was used in the first two sprayings — seven pounds on July 
to and fifteen pounds on July 26. The three unsprayed rows, 1,419 
feet long, were treated with paris green in water on the same dates. 
Toward the close of the season the unsprayed rows were plainly 
inferior to the adjacent sprayed rows. They died about two weeks 
earlier. In fact, the sprayed rows were still partly green when frost 
came. The test rows were dug by hand September 23 and the fol- 
lowing yields obtained: 


Second sprayed row on the east, 1,382 Ibs. marketable tubers. 
Second sprayed row on the west, 1,540%4 lbs. marketable tubers, 
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Average of two sprayed rows, 1,461 lbs. marketable tubers. 
Middle unsprayed row, 966 lbs. marketable tubers. 

Yield, sprayed, 235 bu. 59 lbs. marketable tubers per acre. 
Yield, unsprayed, 156 bu. marketable tubers per acre. 
Gain, 79 bu. 59 lbs. marketable tubers per acre. 

Rotten tubers were much more frequent on the unsprayed row 
than on the sprayed rows, but the loss was not great in either case. 
The yield of small and rotten tubers was 21 bu. 26 lbs. per acre 
for the sprayed and 46 bu. 31 lbs. per acre for the unsprayed. 
Most of the difference was in rotten tubers. 

The six-acre field——This field, also, was of the variety Enormous 
No. 9g. The plants were sprayed five times — July 27, August 17-18, 
26, September 2 and g. In all, 1,650 gallons of bordeaux were used 
on this field. Paris green was applied only once; viz., in the first 
spraying when eight pounds were used. There were three un- 
sprayed rows 688 feet long and these received an application of 
paris green in water on the same date. being so late planted 
(June 8) the potatoes in this field had not nearly finished their 
growth when frost came September 13. The unsprayed rows were 
already commencing to die, but the sprayed rows were in full 
foliage. Had not frost come so early the yields in this field would 
have been larger and also the gain due to spraying larger. The 
test rows were dug with a potato digger on October 10, the yields 
being as follows: 

Second sprayed row on the east, 332 lbs. marketable tubers. 
Second sprayed row on the west, 381 lbs. marketable tubers. 
Average of two sprayed rows, 356% lbs. marketable tubers. 
Middle unsprayed row, 251 lbs. marketable tubers. 

Yield, sprayed, 118 bu. 50 lbs. marketable tubers per acre. 


Yieid, unsprayed, 83 bu. 4o lbs. marketable tubers per acre. 
Gain, 35 bu. to lbs. marketable tubers per acre. 


There was no rot of any account except at the north end where 
hog manure had been spread. Here, there was some rot but de- 
cidedly more on the unsprayed row than on the sprayed. The yield 
of small and rotten tubers was 9 bu. to lbs. per acre for the sprayed 
and 23 bu. per acre for the unsprayed. 

Combining the results obtained in the three fields we have an 
average gain of 60 bu. 14 lbs. of marketable tubers per acre. On 
the average, spraying increased the yield 40 per ct. The gain is 
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all the result of spraying, there having been no interference by 
bugs. On September 22 and 23 when the test rows in the first two 
fields were dug, the market price of potatoes in Chateaugay was 25 
cents per bushel; on October 10 when the test rows in the third 
field were dug the price had risen to 40 cents per bushel. Even at 
these low prices the average net profit in the Chateaugay experi- 
ment was $13.50 per acre. The actual profit was considerably 
greater than this. The entire crop was stored. Under date of De- 
cember 21 Mr. Smith wrote that 2,200 bushels had been sold on 
November 1 at 70 cents per bushel while the remainder of the crop 
was still in storage and keeping well. 


THE PERU EXPERIMENT. 

This experiment was made by Datus Clark, Peru, Clinton county, 
who made a similar experiment for the Station in 1904. A field of 
ten acres was sprayed four times— July 24, August 8, 19 and 
September 8. In the second and third sprayings only 8 acres were 
sprayed each time, so that in reality the total area sprayed was only 
36% acres. The spraying was done with the same sprayer used in 
1904; namely, an Aroostook two-horse, six-row sprayer with one 
nozzle per row. Water for making the bordeaux was obtained 
from a river at the north end of the field. 

As there were no bugs to fight no poison was used. ‘There were 
two varieties of potato — Ironclad and World’s Fair, and three un- 
sprayed rows were left in each variety. 

The expense of the spraying included the following items: 


132-, Ibs.. copper. sulphate “@uSe. 16 sitetee nae ae oe $10.56 
88 “Lime “TCU ©. oxsaew ahem a ee .88 
2334 hrs, labor for mam (@vster J eo eee se eee 3765 
19%..." Aabor for term i@i 256 eae Be ee 4.88 
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Dotal wss.p epee eels: peat este ath Be bes atten te eee a $23.85 


The cost of spraying was 6514 cents per acre for each applica- 
tion. | 

A large part of the field needs underdrainage badly and as’ the 
season was an extremely wet one the conditions were very unfavor- 
able for a crop of potatoes. On the wetter portion of the field, 
planted with World’s Fair, the plants made a weak yrowth, blighted 


¢ 
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badly and died early in spite of spraying. On the drier portion of 
the field the variety [ronclad did considerably better. There was a 
tank growth of vines which did net blight until! late in the season 
The test rows were dug by hand October 11. 

Test No. 1. Ironclad.—The unsprayed rows were 773 feet long. 
Up to the time of digging there had been no frost and the sprayed 
plants although much blighted still retained about one-fifth their 
foliage. The unsprayed rows were now dead but there had been no 
marked difference in appearance between the sprayed and unsprayed 
rows until within a few days. The yields were as follows: 
Second sprayed row on the west, 45714 lbs. marketable tubers. 

Middle unsprayed row, 303 lbs. marketable tubers. 

Yield, sprayed, 143 bu. 21 lbs. marketable tubers per acre. 
Yield, unsprayed, 04 bu. 56 lbs. marketable tubers per acre. 
Gain, 48 bu. 35 lbs. marketable tubers per acre. 


On both rows there was a large amount of rot, somewhat more 
on the unsprayed row than on the sprayed one. The yield of small 
and rotten tubers was 60 bu. 57 lbs. per acre for the sprayed and 
71 bu. 36 lbs. per acre for the unsprayed. 

Test No. 2. World's Fair.—The unsprayed rows were 633 feet 
long. Both the sprayed and the unsprayed plants had been dead 
for some time. The yields were as follows: 

Second sprayed row on the west, 109% lbs. marketable tubers. 
Middle unsprayed row, 47 lbs. marketable tubers. 

Yield, sprayed, 41 bu. 53 lbs. marketable tubers per acre. 
Yield, unsprayed, 18 bu. marketable tubers per acre. 

Gain, 23 bu. 53 lbs. marketable tubers per acre. 

Here, also, there was much rot, the sprayed row showing a little 
more than the unsprayed. The yield of small and rotten tubers 
was 26 bu. 11 lbs. per acre for the sprayed and 24 bu. 17 lbs. per 
acre for the unsprayed. 

Combining the results obtained in the two tests there is an 
average gain of 36 bu. 14 lbs. per acre. In one test spraying in- 
creased the yield 51.2 per ct. and in the other 132.6 per ct. making 
an average of QI.9 per ct. 

At the time of digging the test rows there was no market for 
potatoes in Peru, but a few days later the market opened at 55 cents 
per bushel. At this price 36 bu. 14 lbs. of potatoes would be worth 
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$19.93. After deducting the cost of spraying, $2.62, there remains 
anet profit of $17.31 per acre. 

Notwithstanding the fact that there was much rot on the sprayed 
rows in both tests and an extremely low yield in one test the spray- 
ing was successful and profitable. However, had there been no 
unsprayed rows for comparison it would have been pronounced a 
flat failure. This experiment shows the unreliability of conclusions 
drawn from results obtained in fields where there are no check 
rows. They who wish to learn definitely the benefit from spraying 
must leave unsprayed rows for comparison. 


THE HEBRON EXPERIMENT. 


This experiment was conducted by Walter B. Shaw, Hebron, 
Washington county. The conditions were not entirely suitable for 
such an experiment and Mr. Shaw was reluctant about undertaking 
it, but finally consented as no better location could be found. Very 
little potato spraying has been done in Washington county. 

Six acres of potatoes, variety unknown, were sprayed twice very 
thoroughly by what we call the two-hose-and-three-men method. A 
Myers barrel spray pump was mounted in a fifty-gallon barrel 
drawn through the field on a one-horse cart. One man on the cart 
drove and worked the pump while two other men walking behind — 
the cart directed the nozzles attached at the ends of two long leads 
of hose from the spray pump. Four rows were sprayed at each 
passage through the field. The dates of spraying were August 2 
and August 25-26. The bordeaux was prepared by the 6-6-54 
formula and water for making it was obtained from a brook at one 
side of the field. Paris green was used with the bordeaux in the 
first spraying but not in the second. On the unsprayed rows, of 
which there were two sets of three rows each, paris green was 
applied August 3 by means of a powder gun. Owing to the delay 
in receiving the copper sulphate it was necessary to make one appli- 
cation of paris green over the entire field, check rows included, 
before any spraying was done. This application was made with 
a powder gun. 

Both on the sprayed and unsprayed rows bugs were kept under 
control. It was plain that the paris green had been more effective 
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where applied with bordeaux than where applied dry by means 
of a powder gun. Still there were not enough bugs on the un- 
sprayed rows to warrant a second application of poison. Flea 
beetles were quite plentiful and, as usual, injured the unsprayed 
rows more than the sprayed. Late blight appeared about August 
25. It spread slowly. From the time of the first spraying on, the 
foliage of the sprayed rows was better than that of the unsprayed 
rows. Toward the close of the season the difference became quite 
marked. At the time of digging the test rows, September 27, 
there had been no frost and many of the sprayed plants still retained 
much of their foliage while the unsprayed plants in both tests were 
dead. 

The items of expense for spraying six acres of potatoes twice 
were as follows: 


eee IEC OUI E LG (OS4C eas oa wes Soles 6a: Sin nin da sles notes n c8 $6.35 
UNS IE CSIC SRST AS Se, RS .92 
STEN OP COTE. CF) TC ir Gis eer 1 si wine Spo. ois woh # ajo vn vw soy ee Tale 
ema EoEELOGEET NaC 7 (0) be See ne Nm Yaa a ald Sb vie 0 daew cso gigs, 
EARS TTS Tadhg agit 8 Ta OR 2.60 
PES TM TCV CIR (ITE) saa eee nie LA chev 6 ak kh « betrln'n lbw sda ve 2.05 

USBYEYy a, Ra) ogre alin EPS 2 Se > 0 a $24.14 


The total cost of spraying was $4.02 per acre or $2.01 per acre 
for each application which is a little more than twice the average 
cost in the other twelve experiments. The method of spraying 
employed in this experiment is expensive because it requires so 
much man labor. Of course the spraying can be done very thor- 
oughly but it is doubtful if the gain is proportional to the extra 
expense. We are confident that, in most cases, horse sprayers with 
stationary nozzles will give larger net profit. On steep hillsides, 
such as were encountered in this experiment, it may be possible 
to spray by this method where a sprayer with stationary nozzles 
could not be used. 

Both sets of test rows were dug by hand September 27 with the 
following results: 


* This does not include paris green used before spraying was commenced. 

*TIncludes four hours consumed in damming brook and getting things 
ready; also four hours going after sprayer and returning it. 

* Includes four hours consumed in going after sprayer and returning it. 
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Test No. 1.—The unsprayed rows were 286 feet long. The fol- 
lowing yields were obtained: 

Second sprayed row on the west, 163 lbs. marketable tubers. 
Second sprayed row on the east, 126% lbs. marketable tubers. 
Average of two sprayed rows, 14434 lbs. marketable tubers. 
Middle unsprayed row, 99% lbs. marketable tubers. 

Vield, sprayed, 133 bu. 39 lbs. marketable tubers per acre. 
Yield, unsprayed, 91 bu. 38 lbs. marketable tubers per acre. 
Gain, 24 bu. r lb. marketable tubers per acre. 

There were a few rotten tubers on the unsprayed row but none 
on the sprayed rows. The yields of small and rotten tubers were 
15 bu. per acre for the sprayed and 20 bu. 19 lbs. per acre for 
the unsprayed. 

Test No. 2.—The unsprayed rows were 704 feet long. The 
yields were as follows: 

Second sprayed row on the west, 303% lbs. marketable tubers. 
Second sprayed row on the east, 280 lbs. marketable tubers. 
Average of two sprayed rows, 2915¢ lbs. marketable tubers. 
Middle unsprayed row, 193% lbs. marketable tubers. 

Yield, sprayed, 109 bu. 2t lbs. marketable tubers per acre. 
Yield, unsprayed, 72 bu. 34 lbs. marketable tubers per acre. 
Gain, 36 bu. 47 lbs. marketable tubers per acre. 

As regards rot, the conditions were about the same here as in 
Test No. 1; viz., but little on the unsprayed and none on the 
sprayed. The yield of small and rotten tubers was 16 bu. 58 Ibs. 
for the sprayed and 24 bu. per acre for the unsprayed. 

Combining the results obtained in the two tests there is an aver- 
age gain of 39 bu. 24 lbs. marketable tubers per acre. The average 
percentage of gain was 48.2 per ct. 

On the date of digging the test rows the market price of potatoes 
at Rupert, Vt., the nearest shipping point, was 40 cents per bushel. 
At this price the gain of 39 bu. 24 lbs. would be worth $15.66. 
After deducting the cost of spraying, $4.02, there remains a nel 
profit of $11.64 per acre. Probably the actual profit will be greater 
than this. Up to the present writing (December 23) only one 
load has been sold at 65 cents per bushel of 65 pounds. The re- 
mainder of the crop is in storage and seems to be keeping well. 


THE SYOSSET EXPERIMENT. 

This experiment was conducted by John S. Burke, Syosset, Long 
Island. Two fields of potatoes were sprayed—one of ten acres 
planted with three different varieties and one of eleven acres planted 
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throughout with the variety Green Mountain. In the latter field 
two four-row strips were left unsprayed. A part of the 21 acres 
was sprayed four times, a part three times and a part twice, the 
total amount of spraying being equal to 66% acres sprayed once. 
The spraying was done with a Spramotor hand-power pump 
mounted on the truck of a discarded Aspinwall sprayer and rigged 
to spray four rows at a time with three nozzles for each of the 
two outside rows and two nozzles for each of the two inside rows. 
The items of the expense of the spraying were as follows: 
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The cost per acre for each spraying was $1.36%. This high 
cost is largely due to the expense of hauling water to the field. 
Although the work was light, the team while thus employed was 
not available for any other purpose so it is necessary to charge for 
full time. 

In the eleven-acre field containing the two strips of unsprayed 
rows the plants made a luxuriant growth and seemed to be doing 
well until about the middle of July when they were seriously 
injured by drought. On July 20 Mr. Burke wrote that the crop 
had been so much injured by drought that he thought it might 
not pay to spray any more. Up to that time there seemed to be 
no benefit from the spraying. In fact Mr. Burke was of the 
opinion that the unsprayed rows were superior to the sprayed 
ones. On July 22 rain came and at the same time flea beetles 
appeared in swarms. After this rain the plants revived and another 
spraying was made early in August. [From the time of the out- 
break of flea beetles the sprayed rows made a better appearance 
than the unsprayed. Probably the increased yield on the sprayed 
rows was chiefly owing to the better protection against flea beetles. 
Early blight did not enter into the problem to any extent and late 
blight appeared only at the close of the season. bugs were kept 
well under control both on the sprayed and the unsprayed rows 
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The dates of spraying the test rows were June 26, July 6 and 
August 7. Paris green was applied only in the first spraying and 
the unsprayed rows were treated with poison on the same date. 

Test No. 1—The rows in this test were 874 feet long. They 
were dug September 27 and the following yields obtained: 

Second and third sprayed rows on the north, 1,287 lbs. marketable tubers. 
Second and third sprayed rows on the south, 1,329 lbs. marketable tubers. 
Average yield for two sprayed rows, 1,308 lbs. marketable tubers. 

Middle two unsprayed rows, 1,104 lbs. marketable tubers. 

Yield, sprayed, 197 bu. 30 lbs. marketable tubers per acre. 

Yield, unsprayed, 166 bu. 42 lbs. marketable tubers per acre. 

Gain, 30 bu. 48 lbs. marketable tubers per acre. 

The yield of culls was at the rate of 10 bu. 12 lbs. per acre for 
the sprayed and 16 bu. 18 lbs. per acre for the unsprayed. There 
was a little rot on the sprayed rows, but somewhat more on the 
unsprayed. 

Test No. 2.—Here, the test rows were 674 feet long. The 
sprayed rows on the north were given three sprayings as in Jest 
No. 1, but those on the south received only two sprayings—June 
26 and July 6. The test rows were dug September 27 with the 
following results: 


Second and third sprayed rows on the north, 604 Ibs. marketable tubers. 
Second and third sprayed rows on the south, 637 lbs. marketable tubers 
Average yield for two sprayed rows, 62014 lbs. marketable tubers. 

Middle two unsprayed rows, 420 Ibs. marketable tubers. 

Yield, sprayed, 126 bu. 35 lbs. marketable tubers per acre. 

Yield, unsprayed, 85 bu. 41 lbs. marketable tubers per acre. 

Gain, 40 bu. 54 lbs. marketable tubers per acre. 

The yield of culls was 14 bu. 47 lbs. per acre for the sprayed 
rows and 5 bu. 12 lbs. per acre for the unsprayed. On the sprayed 
as well as the unsprayed rows there was considerable loss from 
rot. 

Why the rows on the south, sprayed only twice, yielded more 
than those on the north which were sprayed three times is not 
known. Mr. Burke states that on the whole the portion of the field 
sprayed twice (about four acres) did not yield as well as the por- 
tion sprayed three times. 

Combining the results obtained in the two tests the average gain 
due to spraying in this experiment is 35 bu. 51 Ibs. per acre. At 
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60 cents per bushel?! this gain would be worth $21.51. Deducting 
$4.10, the cost of three sprayings, there remains a net profit of 
$17.41 per acre. 

THE MATTITUCK EXPERIMENT. 

This experiment was conducted by W. H. Satterly, Mattituck, 
Long Island, who made a similar experiment for the Station in 
1904. Sixteen and two-thirds acres of potatoes, variety Green 
Mountain, were sprayed with a one-horse “ Schanck” sprayer the 
same one used in the 1904 experiment. Two strips of seven rows 
each were left unsprayed. ‘The entire sixteen and two-thirds acres 
were sprayed seven times—June 24-26, July 4-5, July 10-12, July 
17, July 25-26, August 2 and August Io-11. About one-half the 
field was given an additional spraying July 22. This makes the 
total amount of spraying done equivalent to spraying 11434 acres 
once. ‘The expense account included the following items: 
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The total cost of spraying was $5.55 per acre or 74 cents per 
acre for each application. 

The bordeaux mixture was of the 6-4-50 formula, the total 
quantity used being 4,500 gallons which is at the rate of a little 
more than 39 gallons per acre at each application. By comparing 
these figures with those given for the experiment in 1904 (Bul. 
264, p. 143) it will be seen that the quantity per acre per applica- 
tion was one-half greater than in 1904. This difference is chiefly 
the result of spraying fewer rows at a time. In 1904 eight rows 
were covered at each passage in most of the spraying, while in 
1905 the sprayer was driven over every fifth row. This also. 
accounts for the increased expense of spraying in 1905. 


7 At the time of digging the test rows Mr. Burke was selling potatoes 
in the 103d St. (New York) market at $2 to $2.25 per barrel of 170 
pounds. Allowing thirty cents per barrel for marketing, the net returns 


would be $1.70 to $1.95 per barrel which is somewhat more than sixty cents 
per bushel. 
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Paris green was used with the bordeaux not uniformly over the 
whole field, but whenever and wherever needed in the first, third, 
fifth and sixth sprayings and in the extra spraying of July 22. In 
all, 112 pounds of paris green were used. Perhaps the quantity 
was unnecessarily large. On the unsprayed rows, one application 
of paris green made June 26 was sufficient to prevent injury by 
bugs. 

An examination of the experiment was made July 11. At that 
time there was no appreciable difference between the sprayed and 
unsprayed rows. On the unsprayed rows in the north test it was 
easy to find leaves affected with late blight and occasionally speci- 
mens of the disease were found also on the sprayed rows. Mr. 
Satterly states that he first found late blight July 5. Fortunately, 
the weather conditions during the greater part of July were un- 
favorable to blight so that an epidemic of the disease was avoided, 
but it made steady progress and in August did considerable dam- 
age. About July 22 swarms of flea beetles appeared and became 
an important factor in the experiment. There was also some early 
blight. 

The test rows were dug on October Io with a potato digger. 

North test—In the portion of the field in which this test was 
located the previous crop was hay. The test rows were 360 feet 
long. The yields were as follows: 


Second sprayed row on the north, 469% lbs. marketable tubers. 
Second sprayed row on the south, 412 lbs. marketable tubers. 
Average of two sprayed rows, 44034 lbs. marketable tubers. 
Middle unsprayed row, 329 lbs. marketable tubers. 

Yield, sprayed, 296 bu. 15 lbs. marketable tubers per acre. 
Vield, unsprayed, 221 bu. 9 lbs. marketable tubers per acre. 
Gain, 75 bu. 6 lbs. marketable tubers per acre. 


The yield of culls (small sound tubers) was at the rate of 16 
bu. 48 lbs. per acre for the sprayed and 22 bu. 11 lbs. for the 
unsprayed. On the unsprayed row there was some rot, but on the 
sprayed rows none. 

South test.—This test was located in a portion of the field which 
grew potatoes in 1904. The rows were 348 feet long. The yields 
were as follows: 


Second sprayed row on the north, 281 Ibs. marketable tubers. 
Third sprayed row on the south,” 296% Ibs. marketable tubers. 


™The second sprayed row on the south fell in a dead furrow. 





FIG, I.— USED IN GOWANDA EXPERIMENT. 





FIG. 2.— USED IN VERONA MILLS EXPERIMENT. 


PLATE III.— Some SprAYERS USED IN EXPERIMENTS. 





FIG, I.— SPRAYER USED IN THE CASSVILLE EXPERIMENT. 
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FIG. 2.—RESULTS IN VOLUNTEER EXPERIMENT NO. 42. 


PLATE IV. 
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Average of two.sprayed rows, 28834 Ibs. marketable tubers. 
Middle unsprayed row, 241 lbs. marketable tubers. 

Yield, sprayed, 200 bu. 47 lbs. marketable tubers per acre. 
Yield, unsprayed, 167 bu. 35 lbs. marketable tubers per acre. 
Gain, 33 bu. 12 lbs. marketable tubers per acre. 


_ The yield of culls was at the rate of 18 bu. 57 lbs. per acre for 
the sprayed and 18 bu. 5 lbs. for the unsprayed. In this test the 
unsprayed as well as the sprayed rows were free from rot. Most 
of the gain on the sprayed rows was due to protection against flea 
beetles and early blight. 

Combining the results obtained in the two tests we have an 
average gain of 54 bu. 9 lbs. marketable tubers per acre, worth 
at the time of digging, $32.49. After subtracting the cost of spray- 
ing, $5.55 there remains a net profit of $26.94 per acre. 


THE BRIDGEHAMPTON EXPERIMENT. 


E. E. Halsey, Bridgehampton, Long Island, conducted this ex- 
periment. Eighteen acres of potatoes, mostly of the variety Car- 
man No. 1, were sprayed eight times between June 13 and August 
8. Two strips of four unsprayed rows each were left for checks. 
The spraying was done with an E. C. Brown, two-horse, five-row, 
power sprayer carrying one nozzle per row. 

The bordeaux was of the usual 6-4-50 formula applied at the 
average rate of about 55 gallons per acre for each application. 
Arsenite of soda (prepared by boiling together one pound of white 
arsenite and four pounds of sal soda in one gallon of water) was 
used with the bordeaux in every spraying. On the unsprayed rows 
paris green was applied twice (June 24 and July 8) by means of a 
powder gun. 

The items of expense for spraying 18 acres 8 times were as 


follows: 
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In this experiment the total expense of spraying was $0.84 per 
acre or 85! cents per acre for each application. 

On July 11 when one of the writers visited the experiment field 
the unsprayed rows were apparently in as good condition as the 
sprayed rows. However, close examination revealed traces of late 
blight on the unsprayed rows. A month later (August 12) the 
unsprayed rows were nearly dead with late blight and the sprayed 
rows also were much affected and going down rapidly. Flea 
beetles which appeared in large numbers about July 22 added their 
injury to that done by blight. In the north test the sprayed rows 
outlived the unsprayed ones about two weeks, but in the south 
test the difference was less. Bugs were kept well under control 
on the unsprayed rows as well as on the sprayed ones. ‘The test 
rows were dug on August 26 with a potato digger and the follow- 
ing results obtained: 


North test—Eighteen rows required to make an acre. The yields 
were as follows: 


a 
Two sprayed rows,” 2,044 Ibs. marketable tubers. 
Middle two unsprayed rows, 2,007 lbs. marketable tubers. 
Yield, sprayed, 306 bu. 36 lbs. marketable tubers per acre. 
Yield, unsprayed, 3 1 bu. 3 lbs. marketable tubers per acre. 
Gain, 24 bu. marketable tubers per acre. 


The yield of culls (small sound tubers) was 16% bu. per acre 
for the sprayed and 25% bu. for the unsprayed. There was scme- 
what more rot on the unsprayed rows than on the sprayed, but not 
much in either case. 

South test——Here, also, eighteen rows were required to make an 
acre. The yields were as follows: 

Two sprayed rows,” 2,167 lbs. marketable tubers. 
Middle two unsprayed rows, 2,007 lbs. marketable tubers. 
Yield, sprayed, 325 bu. 3 lbs. marketable tubers per acre. 


Yield, unsprayed, 301 lbs. marketable tubers per acre. 
Gain, 24 bu. marketable tubers per acre. 


The yield of culls was 28 bu. 39 lbs. per acre for the sprayed 
and 23 bu. 51 lbs. per acre for the unsprayed. The conditions as 
regards rot were the same as in the north test. | 


* The second sprayed row on either side of the check. 
“The second and third sprayed rows on the south side of the check. 


NEW YORK AGRICULTURAL EXPERIMENT STATION. 161 


Why the gain was so much greater in the north test is not known 
The conditions in the two tests were practically the same except 
that in the north test the check rows were accidentally sprayed on 
July 3; but this would tend to lower the gain in the north test. 
Fortunately, the spraying was a light one owing to the spray pump 
being out of order and the pressure low. 

Combining the results obtained in the two tests we find that the 
average increase in yield due to spraying in this experiment was 
49 bu. 12 lbs. per acre. At 50 cents per bushel, which was the 
market price at the time of digging the test rows, this increase 
would be worth $24.60. Deducting $6.84, the expense of spraying, 
there remains a net profit of $17.76 per acre. ‘The actual selling 
price was 50 and 55 cents per bushel for about one-half the crop 
and 60 cents per bushel for the remainder. 


SUMMARY OF BUSINESS EXPERIMENTS IN 1905. 
The principal features of the fourteen business experiments are 
shown in the following table: 


TABLE XI.—SHOWING RESULTS OF BUSINESS EXPERIMENTS. 


—— — 























| » Total Cost 
No. of Increase 
Area : ; ; | cost of per acre | Net profit 
EXPERIMENT, sprayed. i esa ae Se | spraying for each | per acre.?° 
AS Rak hse a * |} per acre. | spraying. 
A, Bu. 
Gowanda...i...<- | 10 4 463 $3 76 $0 94 $23 93 
Gainesville....... 16 tf 674 5 41 774 22 63 
PATEL OGE nore sicuess 6 <r 6 4 343 3 95 984 13 39 
NCL abass store! tee @ os 8 3 to 4 443 3 50 994 18 59 
Spencerport...... 10 3 534 2 44 814 29 47 
Verona Mills...... 11 5 494 5 02 1 00 Peek (Oph 
(ORECHSI ay Gain eee 11 5 334 4 31 86 20 83 
MCortiandec ss sess 6 5 173 6 50 TeSO Mies eee 
Chateaugay...... 17 Db tor 604 4 04 lakh 13 50 
CEU ithe rcehe ease 10 4 364 2 41 654 toot 
BEBESCOR sce ole viet» a 6 2 393 4 02 2 01 11 64 
SOSSCL resis ee aus. os | 21 3 352 4 09 1 364 17 41 
Mattituck........ | 163 74 546 5 55 74 26 94 
Bridgehampton. . | 18 8 494 6 84 854 17 76 











Total area sprayed in thirteen experiments, 160 2-3 acres. 
Average increase in yield per acre, 46 1-2 bushels. 
Average total cost of spraying per acre, $4.25. 

Average cost per acre for each spraying, 98 cents. 


Average net profit per acre, $20.04. 


** Based on local market prices for potatoes at time of digging the test rows. 
**In computing the averages following Table XI, the Cortland experiment 
The gain in this experiment may not have been 


has not been included. 
entirely due to spraying. See page 143. 
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SUMMARY OF BUSINESS EXPERIMENTS IN IQO4. 


Total area sprayed in fourteen experiments, 180 acres. 
Average increase in yield per acre, 62 1-4 bushels. 
Average total cost of spraying per acre, $ 4.98. 
Average cost per acre for each spraying, 93 cents. 
Average net profit per acre, $24.86. 


SUMMARY OF BUSINESS EXPERIMENTS IN 1903. 


Total area sprayed in six experiments, 61 I-6 acres. 
Average increase in yield per acre, 57 bushels. 
Average total cost of spraying per acre, $4.98. 
Average cost per acre for each spraying, $1.07. 
Average net profit per acre, $23.47. 


Average net profit for three years, $22.79 per acre. 
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VOEUNTEER EXPERIMENTS. 


in 1904 the Station began collecting and recording the results 
of experiments made by farmers in all parts of the State. As 
these experiments were carried out entirely by the farmers them- 
selves we call them volunteer experiments. Forty-one such experi- 
ments made in 1904 were reported in Bulletin 264. 

It was hoped that in 1905 a much larger number of volunteer 
experiments might be secured for publication in the present bul- 
letin. In the spring many farmers were urged to make volunteer 
experiments and.in the fall they were requested to report results. 
Although considerable effort was expended in this line only 50 
reports were obtained. Evidently, our farmers are not experiment- 
ing as much as they should. We have had occasion to mention 
this before. 

The highly favorable results obtained in the numerous experi- 
ments made by the Station and by New York farmers during the 
past four years should stimulate potato growers to give spraying 
a trial. If it really is as profitable as these experiments indicate 
they can not afford to neglect spraying. As a matter of fact many 
are beginning to practice spraying, but only a few are making any 
attempt to determine how much the yield is increased thereby or 
whether the spraying is profitable. Let us have more experiments 
in 1906. It is a very easy matter to make potato spraying experi- 
ments like the farmers’ business experiments reported in this bul-— 
letin. The two important points to be determined are: (1) The 
increase in yield due to spraying; and (2) the expense of spraying. 

To make a detailed report of each of the volunteer experiments 
as was done in Bulletin 264 necessitates frequent repetition of cer- 
tain statements and requires an unnecessarily large amount of space 
in the bulletin. It is believed that these reports may be greatly 
condensed without materially reducing their value. The leading 
features of the 50 volunteer experiments are shown in the follow- 
ing table: 
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SUMMARY OF THE VOLUNTEER EXPERIMENTS IN I9Q05. 


Total area sprayed in 50 experiments, 407 acres. 

Average increase in yield per acre, 59 bu. 32 lbs. 

Average total cost of spraying per acre, (29 experiments), $4.57. 
Average cost per acre, for each spraying (29 experiments), 92 cts. 
Average market price of potatoes at digging time, 57 cts. 


Average net profit per acre (29 experiments), $29.85. 


SUMMARY OF THE VOLUNTEER EXPERIMENTS IN 1904.77 


Total area sprayed in 41 experiments, 363 3/4 acres. 

Average increase in yield per acre, 58 bu. 28 1/2 lbs. 

Average total cost of spraying per acre (23 experiments) $3.91. 

Average cost per acre for each spraying (23 experiments), 90 2/3 cents. 
Average market price of potatoes at digging time, 431/2 cents per bushel. 
Average profit per acre (23 experiments), $22.01. ; 


REMARKS ON THE VOLUNTEER EXPERIMENTS IN I905. 


It is probable that the yields, expense of spraying and other 
data given for the volunteer experiments are not as accurate as 
are those given for the farmers’ business experiments. The former 
have been furnished entirely by farmers, some of whom made the 
experiments merely for their own information and consequently 
were not as careful in measuring the yields as they would have 
been had they known that the figures were to be published. How- 
ever, the increase in yield due to spraying has in all cases been 
determined by actual measurement or weight and not estimated. 
The yields given in Table XII refer to marketable tubers only, 
except in Experiments No. 8 and 21 as noted below. The expense 
of spraying includes both labor and chemicals and, in some cases, 
also an allowance for wear of sprayer. 

Several of the experiments have interesting features which could 
not be shown in the table; hence they are brought together here. 

Experiment No. 1.—The dates of spraying were July 3, II, 22, 
August 4, 16 and 29. There was practically no loss from rot either 
on the sprayed or unsprayed rows. The difference in yield (75 bu. 
per acre) was due to the longer growth on the sprayed rows. 
“Spraying appeared to prolong the life of the vines 1ahout three 


* Copied from Bulletin 264, page 187. 
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weeks.” The items of expense for spraying six acres six times 
were as follows: 


310 ‘lbs, copper sulphate (@*s34c-, 2 +e bt ts ek ee ee $17.82 
32.“ paris) green '(@15t4e) ce). Se ee ee ee 4.96 
Freight on copper sulphate and paris green..............-.....0. .52 
Limes. Vic se ee FOes a Pe eames One ROTEL ee Te 1.40 
78 hrs. labor for mani@ T2iec.ns. > de ee eee Pee 9.75 
58 «" elabor stor*horses(@) 0c...) «sa. e ee ee ee eee 5.80 
Wear-on sprayer (10 per cent of cost) 6s. oss. ose ee ee 1.60 

DOtal es eatin ox eae ee al Be en eee $41.85 


Experiment No. 2.—Report obtained through the courtesy of 
Prof. J. L. Stone of the Cornell University Experiment Station. 
The potatoes in this experiment were planted very late—July 3 and 
5—following a crop of peas grown for the canning factory. 

Experiment No, 3.—The test rows were dug and measured in 
the presence of Prof. J. L. Stone through whose courtesy we are 
able to publish the retsults. The potatoes were sprayed six times, 
but in five of these times the plants were gone over twice so that 
in reality the number of sprayings was eleven. At digging time 
the sprayed rows showed rot to the amount of 24 bu. Io lbs. per 
acre while on the unsprayed rows it was only 6 bu. 56 lbs. per acre. 
Concerning this, Prof. Stone writes as follows: “As Mr. Cheney 
states, it seemed that there were fewer diseased potatoes in the 
unsprayed area because the decay had gone on so repidly that 
most of the diseased potatoes had disappeared or at least remained 
only as shriveled skins.” Mr. Cheney has made a practice of spray- 
ing his potatoes during the past twelve years. 

Experiment No. 4.—Spraying reduced the loss from rot. 

Experiment No. 5.—The dates of spraying were July Io, 17, 
August 5 and 19. Bordeaux of the 6-6-50 formula was applied 
at the rate of 50 gallons per acre in the first three sprayings and 
75 gallons per acre in the last one. Paris green at the rate of one 
pound per acre was applied with the bordeaux in the first two 
sprayings. On the same dates the unsprayed rows were treated 
with paris green in water. The unsprayed rows were free from 
rotten tubers while on the sprayed rows the loss from rot was at 
the rate of 25 bushels per acre. 


NEw YorK AGRICULTURAL EXPERIMENT STATION. 169 


Experiment No. 6.—Used one nozzle per row in the first two 
sprayings and two nozzles per row in the last two. The unsprayed 
rows died three weeks earlier than the sprayed ones. 

Experiment No. 7.—The sprayed rows outlived the unsprayed 
ones from two to three weeks. There were quite a good many 
more rotten tubers on the sprayed rows. The expense of spraying 
ten acres five times was $21 for materials and $14 for labor (man 
and team four days) making a total of $35. 

Experiment No. &.—The sprayed rows lived ten days longer 
than the unsprayed ones. The expense of spraying ten acres five 
times was $13.40 for lime and blue vitrol and $17.50 for labor (man 
and team five days) making a total of $30.90. The yields given 
in the table are for unsorted potatoes. 

Experiment No. 9.—The dates of spraying were August 25 and 
September 2 but as the spraying of August 25 was a double one 
it seems proper to consider that the plants were sprayed three 
times. The items of expense for spraying one and one-half acres 
three times were as follows: 


Pe COD DCTR SII DUG Le-UIy SY2CH 1 bce ss od cos oh ge cece bvele oon ole $1.38 
ae ee OTiCesss @ Mie n() FIC... se See cada o ea hv ces Panes 32 
ie VRS eR Relics inte s Ve (07 San soe ne ea aa .9O 
NM SOT TOT ALCAITINC DSC oo c's, of acts x ascsts ete ere ais wes krolkw'w wie hla wo .49 
EGC Av tee ee. ee OE yee es te eRe Ee bag ho Pb .40 

Sa Open Syl che ee, wats nies aba wits ©; 6S 9 Ee Sue ds $3.49 


Experiment No. 1o.—The bordeaux was applied at the rate of 
30 gallons per acre at each spraying, but Mr. Prole expresses the 
opinion that a larger quantity would have given better results. 
Another season he will go over the rows in both directions at each 
spraying, using about 60 gallons per acre. 

Experiment No. r1.—The dates of spraying were July 8, 14, 
21, August 1, 8, 17 and 28. In the first and last sprayings the 
bordeaux used was of the 5-5-50 formula; in the others it was 
4-4-50. It was applied at the rate of 33 gallons per acre each time. 
Mr. Lyday thinks one additional spraying would have increased the 
yield still further. 

Experiment No. 12.—Seven sprayings were made between July 
1o and September 2. Three unsprayed rows 48 rods long yielded 
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23 bushels, while three sprayed rows on one side yielded 35 bushels 
and three on the other 36 bushels. Mr. Roberts believes that the 
early sprayings are the most important. 

Experiment No. 13.—In addition to five applications of bordeaux 
the plants were treated twice with paris green. The sprayed rows 
outlived the unsprayed ones by three weeks. 

Experiment No, 14.—Ten double sprayings (== 20 single spray- 
ings) were made between June 30 and September 7. The total 
quantity of bordeaux used on 17% acres was 12,980 gallons which 
is at the rate of 742 gallons per acre. Check rows were left in 
three different lots. In Lot No. 1 the gain due to spraying was 
120 bushels per acre; in Lot No. 2 it was 192 bushels per acre; 
and in Lot No. 3, 98 bushels per acre. The average gain was 
13624 bushels per acre. The total yield on 18 acres (17% a. 
sprayed and % a. unsprayed) was 4,825 bushels which is at the 
rate of 268 bushels per acre. 

Experiment No. 15.—Most of the field on both sides of the four 
unsprayed rows was sprayed four times and gave an average yield 
of 100 bushels per acre; but some rows at one side of the field 
were sprayed seven times. These rows yielded at the rate of 123 
bushels per acre. | 

Expervment No. 16.—The total yield on 14% acres was 2,100 
bushels which is at the rate of 145 bushels per acre. This shows 
that the test rows were located in a representative portion of the 
field. 

Experiment No. 17,—The unsprayed rows died two weeks earlier 
than the sprayed ones. Spraying reduced the loss from rot. 

Experiment No. 18.—On the unsprayed rows the loss from rot 
was at the rate of 38% bushels per acre, while on the sprayed 
rows it was 281% bushels per acre. 

Experiment No. 19.—The loss from rot was the same on sprayed 
and unsprayed rows; viz., 21 bushels per acre. This field of five 
acres was the only one in the vicinity of Beaver Dams which was 
sprayed in 1905. 

Experiment No. 20.—The test rows were dug and weighed in the 
presence of a Station representative. 

Experiment No. 21.—The yields given are for unsorted potatoes. 
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Experiment No. 22.—In this experiment the net profit from 
spraying was at the rate of $37 per acre. Mr. E. Haggerty of 
Clifton Springs witnessed the digging and weighing of the test rows. 
The loss from rot was at the rate of 4 bu. 33 lbs. per acre on the 
sprayed rows and 4 bu. 16 lbs. on the unsprayed rows. 

Experiment No. 23.—The test rows were much injured by ex- 
cessive rain in late spring. No rot. 

Experiment No. 24.—The unsprayed rows were “ dead several 
weeks before the sprayed ones.” No rot. 

Experiment No. 25.—The unsprayed rows were dead within two 
weeks after the first appearance of blight. 

Experiment No. 26.—The unsprayed row was only slightly in- 
jured by blight. 

Experiment No. 27.—The loss from rot was 1734 bu. per acre 
on the sprayed rows and 24 1-6 bushels on the unsprayed rows. 
Mr. Bennett thinks that more thorough spraying would have given 
better results. 

Experiment No. 28.—A part of the ten acres was sprayed five 
times, a part three times and the remainder only twice. The yields 
given in the table are for test rows located in the portion of the 
field sprayed five times. 

Experiment No. 29.—There were only four applications, but in 
the last two applications the plants were gone over twice each time. 
Hence, the number of sprayings is given as six. The unsprayed 
rows were severely injured by flea beetles and slightly also by bugs. 
There was a marked difference in the amount of rot. On the 
unsprayed rows the loss from rot was 34% bu. per acre, while on 
two sprayed rows 50 rods long there were but nine rotten tubers. 

Experiment No. 30.—Report obtained through the courtesy of 
Prof. J. L. Stone. Five double sprayings (= Io single sprayings) 
were made. The total yield of 20 acres was 5,383 bushels, which is 
at the rate of 269 bu. per acre. At digging time the market price 
of potatoes in Ithaca was 60 cents per bushel, but the crop was sold 
later at 70 cents per bushel. The actual net profit from spraying 
in this experiment was $70 per acre. 

Experiment No. 31.—At digging time the yield of sprayed and 
unsprayed rows was measured but not recorded. The yields given 
in the table are estimates. However, Mr. Chamberlin remembers 
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distinctly that the difference between sprayed and unsprayed rows 
was just one bushel on two rows 34 rods long which is at the rate 
of 1124 bushels per acre. Excessively wet weather is largely re- 
sponsible for the small yields. 

Experiment No. 32.—One row near the center of the field was 
left unsprayed. The gain due to spraying amounted to one bushel 
per hundred hills or 54 bu. 27 lbs. per acre. The total yield on 
6% acres was 1,500 bushels which is at the rate of 230 bu. 46 lbs. 
per acre. 

Experiment No. 33—The bordeaux was applied five times at the 
rate of 60 gallons per acre. The expense of spraying includes only 
labor and chemicals. No allowance is made for wear of sprayer. 

Experiment No. 34.—Unsprayed rows were left in each of three 
varieties. On the variety Carman the gain due to spraying was 
63 bushels per acre; on Mammoth Whiton, 34% bushels; and on 
Rural New Yorker No. 2, 681% bushels, making an average gain 
of 55% bushels per acre. 

Experiment No. 35.—The percentage of rot was very much less- 
ened by spraying. 

Experiment No. 36.—One half acre was sprayed four times, % 
acre twice, one acre once and ¥% acre left unsprayed. The half 
acre sprayed four times yielded 143 bu. 23 Ibs. or at the rate of 
286 bu. 46 lbs. per acre; while the unsprayed half acre yielded 
only 72 bu. 36 lbs. or at the rate of 145 bu. 12 lbs. per acre. On 
the unsprayed half-acre the loss from rot was heavy; on the sprayed 
half-acre much less. 

Experiment No. 37.—The loss from rot was at the rate of one 
bushel per acre on the sprayed rows and 29 bushels per acre on the 
unsprayed ones. 

Experiment No. 38.—There was apparently but little blight, yet 
there was some rot both on sprayed and unsprayed rows. 

Experiment No. 39.—The sprayed rows outlived the unsprayed 
ones about 12 days. On sprayed rows the loss from rot was about 
Ir bu. per acre and on the unsprayed ones 22 bu. per acre. 

Experiment No. 40.—In this experiment the enormous gain was 
mostly due to the prevention of rot. About three-fourths of the 
unsprayed potatoes rotted while there was only a little rot among 
the sprayed ones. 
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Experiment No. 41.—The unsprayed rows died two weeks earlier 
than the sprayed ones. 

Experiment No. 42.—The potatoes were sprayed twice with bor- 
deaux and paris green and treated once besides with paris green 
in water. Mr. Graeff states that three applications of paris green 
for bugs would have been required anyway so that the extra ex- 
pense of spraying for blight was only the cost of materials. “ There 
was no noticeable difference as to rot between the sprayed and 
unsprayed.” 

Experiment No. 43.—The sprayed rows were killed by frost 
about a week after the unsprayed rows died from blight. 

Experiment No. 44——The unsprayed rows were not affected by 
blight. 

Experiment No. 45.—The gain due to spraying is based on the 
difference in yield between an unsprayed row and a sprayed one 
fifteen feet distant. Mr. Buchanan estimates that where he sprayed 
at least one-fifth of the crop rotted and on unsprayed rows the 
loss was still greater. 

Experiment No. 46.—Very little blight and no rot in this experi- 
ment. 

Experiment No. 47.—The sprayed rows lived two weeks longer 
than the unsprayed ones. ‘The total yield of 11 acres was 2,247 
bushels which is at the rate of 204 bushels per acre. 

Experiment No. 48—In this experiment the expense of spray- 
ing includes the cost of water which was purchased at three cents 
per barrel. The spraying consisted of three-single applications and 
one double one or five in all. 

aperiment No. 49.—A portion of the field was sprayed only 
five times. Spraying lessened the amount of rot. 

Experiment No. 50.—The items of expense for spraying 12 acres 
ten times were as follows: 


CP CODDEEESUIDDAtE (2). OC... 25.25 bjctha Sides. ob os a i ceris's cue ecine $37.50 
ICE BO 117 5k aes en Ge. Mes Cee ste 5 Se tena wv 5.25 
AUC Graf twOMNenN .)'20Ce «susie ke eo eee ee lode se 19.60 
CA AGO esi le HOTSe.(Q)ILOCY aps a eid see sis sive 3 deen vide neo 2.40 
SE DC mC tCatin UD -20Cs ici le Vabaies® PAGER Sos alee) bhack 5.00 
TD es eH lg 20 0 G Daa (05 92 oa eg a a 7.50 
ERD e LCN DET 71408 fae ih ee aces skies alos dhe eulae 4.73 
DOE OMESDLAV Cr Ni eee ew. ee ein. oon Th hh aa hee i: 15.00 
SCATTER)! ee 4 Te AO Te. A oe $07.07 
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The test rows were in a two-acre field which was dug after the 
vines were dead, but before the time when potatoes rotted badly. 
In this field there was practically no rot on either the sprayed or 
unsprayed rows. The remaining ten acres were dug later, after 
the rot epidemic, and the loss from rot was estimated at 40 to 50 
bushels per acre. As unsprayed fields in the same vicinity did 
not rot to any extent Mr. Foster believes that his actual gain from 
spraying was not as great as the yield of the test rows indicate. 
For further discussion of this experiment see page 185. 

The writers take this opportunity to heartily thank the gentle- 
men who have furnished the reports of their volunteer experiments 
for publication. Potato growers throughout the State are under 
obligations to them. 


SODA BORDEAUX VS. LIMF BORDEAUX. 


It has been stated that soda bordeaux is superior to lime bor- 
deaux for spraying potatoes, but experiments of the past two years 
show that this is probably not true. In an experiment made by 
this Station in 1904 lime bordeaux gave better results by 16% 
‘bushels per acre.*® Another experiment in 1905 resulted in a 
difference of nine bushels per acre in favor of lime bordeaux. The 
latter experiment included fifteen rows each 290% feet long. Five 
were sprayed four times with soda bordeaux (made with six pounds 
of copper sulphate and seven and one-half pounds of sal soda to 
50 gallons), five with lime bordeaux (6-4-50 formula) and the 
other five were not sprayed. The sprayed and unsprayed rows 
alternated as in the ten-year experiment. The spraying was done 
with a knapsack sprayer and very thoroughly by going over each 
row twice—out on one side and back on the other. The dates of 
spraying were June 30, July 10, August r and 2, and August 23. 
In the first three sprayings paris green was used with both kinds of 
bordeaux and on the same dates the unsprayed or check rows were 
treated with the same quantity of paris green in lime water.?9 


*For details of this experiment see Bulletin 264, pages 187-104. 
* Ten ounces of paris green to 50 gallons in the first spraying and one 
pound to 50 gallons in the second and third sprayines 
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TABLE XIII.—YIELDS IN THE SODA BORDEAUX EXPERIMENT. 
OE ae 




















YIELD PER ROW. | YIELD PER ACRE, 
Treatment. Ho —— — 
Rows Market- Small. Marketable. Small. 
able. 
Lbs. Lbs. Bu. lbs. | Bu. Ibs. 
Meer EU ISOLTAVEC vice c civic ole sisiele asa 6 ena’ 106 43 | 8&8 2071) 35 50 
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Wererole WDSPLA VEC erccc cs 6 oe siele we > Ae a 86 29 71 40 | 24 10 
Per MIG OOTUSHUX. oie ss ws isles © ma 6 214 26 | 178 20 | 21 40 
ORO a DOTdEAaAli xs © ae aicisass. sit se ane 217 28 | 180 50 | 23 20 
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Melee este) DOTGe aX: te ese cece oe cis 265 Bey | PPO) 50 | 27 30 
Dem OUR, DOMUCRUM oye. «odes eos 2 | 226 42 | 188 20 | 35 a 
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Taree ul ianic DOTdeatuxXs so... ce cress 8 ous 277 26 | 230 50 | 21 40 
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The potatoes were dug October 23 and sorted into two grades— 
sound tubers of marketable size and sound tubers below market- 
able size. No account was taken of rotten tubers. The yields are 
shown in Table XIII. 

In each of the first three sections of the experiment the soda 
bordeaux gave slightly better results, while in the last two sections 
lime bordeaux was considerably in the lead so that on the average 
there was a difference of g bu. 20 lbs. of marketable tubers per 
acre in favor of the lime bordeaux. The average yields for the three 
kinds of treatment were as follows: 


Sprayed with lime bordeaux, 202 bu. 10 lbs. marketable tubers per acre. 
Sprayed with soda bordeaux, 192 bu. 50 Ibs. marketable tubers per acre. 
Unsprayed, 81 bu. 50 lbs. marketable tubers per acre. 


The rows sprayed with lime bordeaux outyielded the unsprayed 
rows by 120% bushels per acre. The unsprayed rows died early 
from blight and bugs. Although the unsprayed rows received the 
same amount of paris green as did the sprayed rows and it was 
applied on the same dates and with equal thoroughness, they were, 
nevertheless, much more severely injured by bugs than were the 
sprayed rows. ‘This is only another example of the well known 
fact that bordeaux assists in the control of bugs. 

No attempt was made to determine accurately the loss from rot 
in this experiment. It seems to be about the same as in the ten- 
year experiment. (See page 128). In this respect there was appar. 
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ently no difference between the rows sprayed with lime bordeaux 
and those sprayed with soda bordeaux. 

Further experimental evidence on the relative value of these 
two kinds of bordeaux for potatoes is furnished by an experiment 
made by F. A. Sirrine at Riverhead, Long Island, in 1905. A plat 
of potatoes containing eight rows 235 feet long and sprayed four 
times with lime bordeaux yielded at the rate of 211 bushels per 
acre, while another plat of eight rows similarly sprayed with soda 
bordeaux yielded only 176 bushels per acre, making a difference of 
35 bushels per acre in favor of the lime bordeaux. The two plats 
were only two rows apart. 

Certainly, the results of these experiments are not favorable to 
soda bordeaux. ‘The most that can be said for soda bordeaux is 
that it is probably about equal to lime bordeaux in efficiency and 
that its mechanical condition is slightly better. Poisons can not be 
used as safely with it as with-lime bordeaux. We advise the use 
of lime bordeaux. 


BORDEAUX WITH PARIS GREEN VS. BORDEAUX 
ALONE. 


The Station made an experiment on this in 1904. There was no 
injury to the foliage and the yield was in favor of bordeaux with 
paris green by 7% bushels per acre.2? Another experiment was 
made in 1905. Again there was no injury to the foliage and the 
yield was in favor of bordeaux with paris green by five bushels per 
acre. In the latter experiment there were 15 rows 86 feet long. 
Five rows were sprayed five times with bordeaux and paris green 
(one pound to fifty gallons), five with bordeaux only and the other 
five (checks) with paris green in lime water (one pound to fifty 
gallons). The rows of the different treatments alternated with each 
other as in the ten-year experiment. The spraying was done with 
a knapsack sprayer very thoroughly and as uniformly as possible. 
The quantity of bourdeaux used varied from 100 to 300 gallons per 
acre in different sprayings according to the size of the plants. In 
order to make sure that the bordeaux used was the same in both 
cases the following method was employed in each spraying: A 





® Details of this experiment given in Bulletin 267, pp. 269-278. 


New YorK AGRICULTURAL EXPERIMENT STATION. 17: 


quantity of bordeaux was prepared. A part of this was used for 
spraying the rows which were to receive bordeaux only; then paris 
green was added to the remainder and the rows which were to 
receive bordeaux with paris green were sprayed. The dates of 
spraying were June 29, July 6, July 20, August 7 and August 21. 

At the beginning of the experiment it was the intention to keep 
the bordeaux-only rows free from bugs by hand picking as in the 
experiment in 1904; but after one picking it was found that this 
could be much more easily accomplished by very thorougi spraying 
with bordeaux just after the bugs were hatched. In this minner 
the bugs were kept entirely under control so that they weve elimi- 
nated from the experiment.*! 


“In this experiment and also in the experiment with arsenite of soda, 
page 179 it was shown that bugs may be controlled with bordeaux mixture 
alone provided the spraying is done just after the bugs have hatched and 
very thoroughly. But for this fact this experiment could not have been 
carried through properly. After the first spraying of June 29 a few bugs 
remained alive and these were removed by hand picking July 3. On July 5, 
we were dismayed to find all of the plants swarming with young bugs. Of 
course it was to be expected that on the rows treated with paris green they 
would be poisoned before they could do harm; but on the rows sprayed with 
bordeaux alone they would surely injure the plants and thereby ruin the 
experiment. For the most part, the bugs were located among the small young 
leaves in the tops of new shoots. To have removed them by hand picking 
would have been a tedious operation, besides it could not well have been 
accomplished without considerable mutilation of the plants. In this emerg- 
ency we decided to try bordeaux mixture. Accordingly, the second spraying 
was made July 6, or about a week earlier than it would have been made had 
not this trouble with bugs arisen. The operator was instructed to give 
special attention to the new growth and to spray very thoroughly. Twenty- 
four hours after the spraying most of the bugs had disappeared on the 
“bordeaux-only”” rows as well as on those on which poison had been used. 
The bugs still in evidence appeared uneasy. Some were traveling on the 
ground under the plants. Practically all of them disappeared so that no harm 
was done to the plants and no further hand picking or other treatment for 
bugs was necessary. Whether the bugs were actually killed by the bordeaux 
could not be determined, but they certainly disappeared. 

Although this experiment was entirely successful we do not believe that 
farmers should attempt to control bugs by the use of bordeaux alone. The 
method is too expensive and requires too much care. To be successful the 
spraying must be done with extreme thoroughness and while the bugs are 
very small. Nevertheless the results have a direct bearing on practical 
potato spraying. They show that the bordeaux is not only a preventive of 
blight, but also an aid in the control of bugs and should be used with the 
poison whenever it is necessary to combat bugs. 

I2 
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Throughout the season there was no apparent difference in the 
appearance of the foliage on the rows sprayed with bordeaux only 
and that on the rows sprayed with bordeaux and paris green. ‘There 
was no indication that the paris green in the bordeaux was injurious 
to the foliage. The check rows receiving paris green in lime water 
blighted considerably and died somewhat prematurely, but there was 
no evidence that the foliage was injured by paris green. 

The potatoes in this experiment were dug by hand October 26. 
The yields are shown in the following table: 


TABLE XIV.—SHOWING YIELDS IN Paris GREEN EXPERIMENT. 





YIELD OF FIVE YIELD PER ACRE. 
ROWS. 
TREATMENT. | Rows. — 
tage = Small. | Market able.| Small 
Lbs. Woke | exh lbs. | Bu. Ibs. 
Bordeaux with paris green..| 1, 2, 7, 10, 13. 579 84 | 325 53 | 19 8 
Bordeauxtonly..5 ci wsisn = tee 2 65S te l4 570 37 | 320 49 | 20 49 
Paris green in lime water...| 3, 6,9, 12, 15. 378 44 | 212 45 | 24 45 


Difference in favor of bordeaux with paris green, 5 bu. 4 Ibs. per 
acre. 

The results of these experiments agree with the experience of 
potato growers who practice spraying. During the past four years 
the writers have been close observers of potato spraying and have 
seen no evidence that potatoes are in any way injured by paris 
green properly applied; viz., in moderate amount (one to two 
pounds per acre) with bordeaux mixture. 

In a former experiment it was shown that paris green has some 
value as a preventive of potato blight.2* With this fact in mind 
some potato growers have raised the question as to the advisability 
of using paris green with the bordeaux regularly. Our opinion is 
that it would not be profitable. Paris green should be added only 
when there are bugs or flea beetles to poison. 


* See Bulletin 267 of this Station, page 272. 
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BORDEAUX WITH ARSENITE OF SODA VS. BOR- 
DEAUXSALONE. 


In an experiment made at this Station in 1904 potato rows 
sprayed with bordeaux mixture containing arsenite of soda as 
poison yielded 34 bushels per acre less than rows sprayed with 
bordeaux mixture alone.*® As there was no apparent injury to the 
foliage this reduction in yield was attributed to unequal conditions 
in the. experiment rather than to the arsenite. However, it was 
deemed advisable to make the following experiment in 1905: 

In a plat of 58 rows 108 feet long every other row was sprayed 
five times with bordeaux and arsenite of soda (one quart of stock 
solution™ to 50 gallons), while the alternating 29 rows were sprayed 
with bordeaux only. As in the paris green experiment, care was 
taken to have the bordeaux of uniform character and uniformly 
applied. (At the rate of 100 to 300 gallons per acre in the different 
sprayings.) The bordeaux was made by the 1-to-84% formula with 
lime in moderate excess of the quantity required to satisfy the 
potassium ferro-cyanide-test. The frequent and thorough spray- 
ing kept the bugs so well under control that but one hand picking 
was required even on the bordeaux-only rows.?? About July 20 
all of the rows were slightly injured by bugs, but so far as could 
be determined there was no more damage to the bordeaux-only 
rows than to those receiving the arsenite. The dates of spraying 
were July I, 6-7, 20, August 4-5 and 21-22. 


* Reported in Bulletin 267, pages 278-284. 
* Prepared by the Kedzie formula as follows :— 


A CIS re mi eee AN Oe Sas Ot wie koe nda © ce nuns pounds 2 
SE erg a he cee! oats Sire tiated cece sic t ciee's Ma peewee aon pounds 8 
Ch UES sh Ne. cay Shure gaye ea ae ae ilu PS Be SOE 0 ee ee oe eos gallons 2 


Boil until the arsenic is all dissolved which will take about 15 minutes. 

* The second spraying made July 6 and 7 was entirely successful in de- 
stroying swarms of young bugs as in the paris green experiment (See foot- 
note No. 31 on page 177. Even on the bordeaux-only rows, so few bugs 
survived that it was thought unnecessary to remove them by hand picking. 
However, by July 18 quite a good many bugs were in evidence, many of 
them being half-grown slugs. Having in mind our previous success we had 
little doubt that the bugs could be managed by spraying. By accident, the 
first rows which should have been sprayed with bordeaux and arsenite were 
sprayed with bordeaux only. This error made it necessary to spray the 
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At no time during the season did the difference in treatment 
seem to have any effect on the foliage. The yields were as fol- 
lows: 


TABLE XV.—SHOWING YIELDS IN THE ARSENITE OF SODA EXPERIMENT. 




















YIELD OF 29 ROWS. YIELD PER ACRE. 
TREATMENT, — 
| Marketable. | Small. Marketable. Small, 
, Lbs. Lbs. Bu. lbs. | Bu. lbs. 
Bordeaux with arsenite of soda...... 2,928 297 | 226 14 | 22 57 
BGPdeaus Onl ¥ accuse botacsla wake teiteme: 2,808 254 | 216 58 | 19 37 
| 





Difference in favor of bordeaux with arsenite of soda, 9 bu. 
16 lbs. marketable tubers per acre. 

We believe the results of this experiment to be trustworthy. 
They indicate that the arsenite of soda may be used safely with 
bordeaux at the rate of one quart of the stock solution (Kedzie 
formula) to fifty gallons. Probably considerably larger propor- 
tions of the arsenite would not be harmful. Arsenite of soda is a 
cheaper poison than paris green and remains in suspension better. 
Based on the arsenic it contains one quart of arsenite-of-soda stock 
solution is equivalent, in poisoning properties, to eight ounces of 
paris green. 


DOES BORDEAUX MADE WITH COLD WATER INJURE 
POTATO FOLIAGE? 


In making bordeaux for potatoes is it safe to use very cold water 
such as comes from deep wells? Will the foliage be injured? Such 
questions as these are asked occasionally. Some potato growers 
hold that spraying potatoes with very cold bordeaux on a hot, 
sunny day causes injury to the foliage. They advise that water 
from deep wells be allowed to stand in the air and warm before it 
is used for spraying potatoes. 


entire experiment with bordeaux alone. Only the younger bugs disappeared. 
The half-grown slugs continued their depredations. Accordingly, on July 20 
the spraying was repeated and this time done properly. At the same time 
the bugs on the bordeaux-only rows were hand picked and there was no 
further trouble. This experience leads to the conclusion that while newly- 
hatched bugs may be successfully fought by thorough spraying with bordeaux 
alone, half-grown slugs can not be controlled in that way. Even when 
poisons are used bugs are much more easily killed while they are small. 


New York AGRICULTURAL EXPERIMENT STATION. I8I 


In order to secure definite information on this point the fol- 
lowing experiment was made on the Station grounds in 1905: Six 
rows of potatoes, 290% feet long and of the variety Rural New 
Yorker No. 2 were planted especially for the experiment. Rows 
I, 3 and 5 were sprayed three times with cold bordeaux, while 
Rows 2, 4 and 6 were sprayed on the same dates with warm bor- 
deaux about the temperature of the air. The spraying was done 
with a knapsack sprayer and very thoroughly. ‘The temperature 
was obtained immediately before spraying commenced by thrusting 
a thermometer into the knapsack after it was in position on the 
back of the operator. Two knapsackfuls were required to spray 
three rows and in the case of the cold bordeaux it was difficult to 
get the same temperature in both. This explains why two tem- 
peratures are given in the “cold bordeaux” column of the table 
below. The low temperatures were obtained by the use of cracked 
ice. The following table shows in condensed form the conditions 
under which the experiment was made: 


TABLE XVI.—CoNDITIONS IN THE EXPERIMENT OF COLD vs. WARM 


BORDEAUX. 
Temperature | Temperature | Temperature f 
DATE OF SPRAYING. of cold of warm of the Cloudiness, 


bordeaux. bordeaux. air. 


——_—_—_— 





Deg. Fahr. Deg. Fahr. | Deg. eae 





jure "5 SE oa er eee 50 to 54 74 | Clear 
MRR Ay coe s shi nO eye tees BRS ees 50 to 54 81 | 88 | Clear 














ASU Sie oer te heed sci Aiedaee tae | 40 to 42 70 82 | Clear 


At no time during the experiment was there any evidence that 
the cold bordeaux had injured the foliage and when the potatoes 
were dug it was found that the rows sprayed with cold bordeaux 
outyielded those sprayed with warm bordeaux at the rate of 4% 
bushels per acre. This difference in yield may have been due to 
other causes than the difference in temperature of the bordeaux 
used, but being in favor of the cold bordeaux it removes all doubt 
as to the injurious effect of cold bordeaux. The results of this 
experiment seem to justify the opinion that no attention need be 
paid to the temperature of the water used in making bordeaux for 
spraying potatoes.*® 





* This statement applies only to the effect on the foliage. In this experi- 
ment no special attempt was made to determine the effect of the temperature 
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POTATO TROUBLES IN NEW YORK IN 190s. 


Over the greater part of the State the season of 1905 was char- 
acterized by heavy losses from, blight and rot. Throughout the 
growing season there was an abundance of rain in most localities. 
Floods in June caused much damage to potatoes on low ground 
and heavy rains in the latter part of September and fore part of 
October brought about an epidemic of potato rot. Many potato 
fields were killed by frost on September 14 and the remainder on 
September 26. Had it not been for the early frost several of the 
experiments reported in this bulletin would have shown consider- 
ably larger gains due to spraying. 

Late blight, Phytophthora infestans, was destructive in nearly 
all parts of the State. The earliest outbreak of this disease of 
which we have definite knowledge occurred in the vicinity of 
Sagaponack and Wainscott in the eastern part of Long Island. 
Here, one of the writers found it already well established on July 
1 and Mr. J. S. Strong, a farmer of Wainscott, states that he 
observed it as early as June 25. On July 2 it was found near 
Riverhead and on July 5 at Mattituck. It is reported to have 
appeared in a garden at Phelps about July 20, but the first speci- 
mens seen by us (excepting those from Long Island) came frorn 
Hornell where they were collected July 28. On August 1 we found 
it on early potatoes at Atlanta, Steuben County. Although care- 
fully sought, no trace of late blight was found at Geneva until 
August 12. 

Early potatoes were not affected with rot, but the late varieties 
suffered severely. In the Hudson Yalley there was less loss from 
rot and blight than in any other part of the State. This region 
suffered from drought in July as did also Long Island. 

The record for early blight, Alternaria solani, and flea beetles 
is about the same as in 1904. Early blight was rarely destructive 
except on Long Island where it was an important factor in many 


of the water on the mechanical condition of the bordeaux. However, it was 
observed that forty-degree bordeaux prepared by mixing copper sulphate 
solution having a temperature somewhat below 40 degrees Fahr. with milk 
of lime also below 40 degrees had apparently as good mechanical condition as 
had bordeaux made with the component solution at about 70 degrees Fahr. 
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fields. Flea beetles appeared in injurious numbers at several 
different points in the State, but were especially numerous and 
destructive on Long Island during the last ten days in July. 


3 


Colorado potato beetles or “bugs” were unusually troublesome. 
In many fields the plants were stripped of their foliage in spite of 
efforts made to control them. In some localities the demand for 
paris green exceeded the available supply with the result that local 
prices were materially advanced. 

Judging from the results of numerous experiments the loss from 
blights, rot and flea beetles in unsprayed fields could not have been 
less than fifty bushels per acre on the average. In the 13 farmers’ 
business experiments the average gain due to spraying was 4614 
bushels per acre, while 50 volunteer experimenters reported gains 
averaging 59% bushels per acre; and it should be borne in mind that 
these figures represent only a part of the damage done by blight and 
rot, because in only a few of the experiments was either the blight 
or the rot completely controlled. 


DOES SPRAYING PREVENT ROT? 


It is generally stated that spraying will prevent that rot of the 
tubers which often follows an attack of late blight, Phytophthora 
infestans. The theory advanced is, that spraying prevents the 
growth of the blight fungus on the leaves so that there are no 
spores, or at least fewer spores, to fall upon the ground and cause 
rot; hence there should be less rot where the plants have been 
sprayed. 

As a matter of fact there are on record numerous experiments 
in which it was shown conclusively that the loss from rot was 
greatly reduced by spraying. Probably the most notable example 
is an experiment made by Jones and Morse®’ at the Vermont 
Station in 1904 in which unsprayed potatoes rotted at the rate of 
245 bushels per acre while among sprayed potatoes under condi- 
tions otherwise parallel the loss from rot was only 27 bushels per 
acre. 

However, there are also on record instances in which spraying 
had no appreciable effect in reducing the amount of rot; and it 





* Jones, L. R. & Morse, W. J. Vt. Agr. Exp. Sta. Rep. 17: 380, 300. 
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has been the custom to explain such cases by assuming that the 
rot in question was not the late blight rot, but the dry rot 
(Fusarium oxysporum) or the bacterial wet rot (Bacillus solana- 
cearum), two diseases which work only below ground and hence 
are not preventable by spraying. 

At various times during the past four years this matter has been 
brought to our attention by farmers who complained that they had 
failed to prevent rot by spraying and some of them even claimed 
that spraying encourages rot. Accordingly, we took advantage of 
the excellent opportunity afforded by the rot epidemic of 1905 to 
make some observations along this line. The result is that our 
views on the subject have changed somewhat. Briefly stated our 
conclusion is as follows: The general tendency of spraying is to 
reduce the amount of rot. In most cases the reduction is very 
marked ; in some cases there is no difference and occasionally spray- 
ing increases the amount of rot. It depends on weather conditions 
and the thoroughness of spraying. But whatever the effect on rot, 
sprayed plants invariably give a larger y1eld of marketable tubers. 

It must be admitted that under certain conditions spraying in- 
creases rather than diminishes the amount of rot. For specific 
instances see the Cortland experiment, p. 141, the Cassville ex- 
periment, p. 143, and Volunteer Experiments Nos. 5 and 7, page 168. 
The explanation seems to be as follows: Rot is brought about 
chiefly by spores which fall from the blighted leaves to the ground 
and are carried by rain down through the soil to the tubers. These 
spores are delicate and readily killed by drying. Unsprayed plants 
may die prematurely from blight with scarcely any rot of the tubers 
provided the soil remains fairly dry until after the plants are dead 
and dry; because under such conditions the spores dry up and die 
before they can reach the tubers. No matter how much rain comes 
later there can be no rot because there are no live blight spores to 
cause rot. Now, suppose these plants had been sprayed in the man- 
ner in which spraying is usually done by farmers. Their life would 
have been prolonged two or three weeks. Nevertheless, they would 
have been somewhat affected by blight because farmers rarely spray 
thoroughly enough to prevent blight completely when the disease 
is epidemic; and so long as the plants remain green live blight 
spores continue to be formed on the leaves and fall upon the ground. 
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Then, if heavy rains came there would be rot. In short, spraying 
prolongs the period during which the tubers are subject to rot. 

Sometimes there may appear to be more rot on sprayed rows 
than on unsprayed ones when in reality such is not the case. This 
happens when rot sets in early on unsprayed rows so that by dig- 
ging time many of the tubers have completely decayed and dis- 
appeared; while on the sprayed rows where blight was unable to 
gain a foothold until late in the season and the rot correspondingly 
retarded, all affected tubers are still in evidence at digging time. 
For an example see Volunteer Experiment No. 3, p. 168; also 
Bulletin 264, pages I1I—I12. 

When sprayed potatoes rot badly it should not be assumed, 
- without investigation, that the spraying has been a failure. If 
any unsprayed rows have been left for comparison it will be found 
generally that they have rotted much worse so that in spite of the 
rot there may be enough more marketable potatoes on the sprayed 
rows to make the spraying a profitable operation. The Peru ex- 
periment on page 150 furnishes a good illustration. In Volunteer 
Experiment No. 50 made by C. B. Foster, Water Mill (page 173), 
there were, unfortunately, no check rows in the ten-acre field where 
the rot was so severe. Hence, it can not be determined whether the 
spraying was beneficial or otherwise; but judging from similar cases 
in which the facts are known we feel confident that the spraying 
was profitable notwithstanding the rot. 

During the past season many cases were reported in which there 
was considerable loss from rot although there had been apparently 
little or no blighting of the vines. The explanation of this is that 
shortly before digging time the weather conditions were exceptionally 
favorable to rot so that a little blight, which may have passed un- 
noticed, was sufficient to cause much trouble. There may be much 
blight and yet little rot if the weather is dry for two or three weeks 
preceding digging, but if there is much rain during this period 
heavy loss from rot may follow a light attack of blight. 

Concerning the identity of the rot which was so destructive in 
this State in 1905, we have no reason for believing that it was any 
other than the rot which follows late blight; namely, that caused by 
Phytophthora infestans. Other kinds of rot undoubtedly occurred, 
in small amount, but by far the greater part of the rot in New York 
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during the past season was certainly due to Phytophthora infestans 
and might have been largely prevented by thorough spraying. In 
this connection we wish to emphasize the importance of more 
thorough spraying in the latter part of the season as a safeguard 
against rot. 


MAKING EXPERIMENTS IN 1906. 


During the season of 1906 the work on potato spraying will 
be carried forward along practically the same lines as in 1904 and 
1905. The regular ten-year experiments at Geneva and River- 
head will be conducted again as usual; also, about fifteen farmers’ 
business experiments in different parts of the State. In addi- 
tion the Station hopes to secure again, as in the past, reports of | 
numerous volunteer experiments—the more the better. Potato 
growers throughout the State are earnestly requested to make 
spraying experiments in 1906 and report the results to the Station. 
Whatever the outcome of the experiments, whether for or against 
spraying, the reports are desired provided, of course, the experi- 
ments have been properly conducted. Upon request, the Station 
will supply blanks for making such reports. 


DIRECTIONS: FOR SPRAYING= 


In general, commence spraying when the plants are six to eight 
inches high and repeat the treatment at intervals of Io to 14 days 
in order to keep the plants well covered with bordeaux throughout 
the season. During epidemics of blight it may be necessary to spray 
as often as once a week. Usually six applications will be required. 
The bordeaux should contain six pounds of copper sulphate to each 
50 gallons.® Whenever bugs or flea beetles are plentiful add one 
to two pounds of paris green or two quarts of arsenite of soda stock 
solution (See footnote, p. 179) to the quantity of bordeaux re- 
quired to spray an acre. 

Thoroughness of application is to be desired at all times, but 
is especially important when flea beetles are numerous or the 


* Substantially the sdme as given in Bulletin 264, p. 204. The experiences 
of the past season do not warrant any material alteration in the recommend- 
ations there made. 

” For the preparation of bordeaux mixture see Bulletin 243 of this Station. 
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weather favorable to blight. Using the same quantity of bor- 
deaux, frequent light applications are likely to be more effective 
than heavier applications made at long intervals; e. g., when a 
horse sprayer carrying but one nozzle per row is used, it is better 
to go over the plants once a week than to make a double spray- 
ing once in two weeks. A good plan is to use one nozzle per row 
in the early sprayings and two nozzles per row in the later ones. 
Those who wish to get along with three sprayings should post- 
pone the first one until there is danger of injury from bugs or flea 
beetles and then spray thoroughly with bordeaux and poison. The 
other two sprayings should likewise be thorough and applied at such 
times as to keep the foliage protected as much as possible during 
the remainder of the season. Very satisfactory results may be 
obtained from three thorough sprayings. . 
A single spraying is better than none and will usually be profit- 
able, but more are better. Spraying may prove highly profitable 
even though the blight is only partially prevented. It is unsafe to 
postpone spraying until blight appears. Except, perhaps, on small 
areas, it does not pay to apply poison alone for bugs. When it is 
necessary to fight insects use bordeaux mixture and poison together. 
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AN OUTBREAK OF THE —EUROPMAg! 
CURRANT RUST.1# 


(Cronartium ribicola Dietr.) 





TT 
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SUMMARY. 

In September, 1906, the Station currant plantation was found to 
be abundantly infested with Cronartium ribicola, a European rust 
fungus hitherto unknown to America. It appeared in the form of a 
conspicuous orange-colored powder on the under surface of the 
leaves. Of 54 varieties representing three species of Ribes (R. 
nigrum, R. rubrum and R. aureum) 48 were more or less affected. 
It was also found on &. grossularia and R. wrriguum. With the 
exception of a single affected leaf in a plantation one-half mile west 
of the Station it was not found outside the Station grounds. 

In Europe this rust has been known for fifty years and is widely 
distributed. As a currant disease it is unimportant. ‘he chief 
danger from it lies in its effect on white pines. In one of its stages 
(eecidium) the fungus attacks the trunk and branches of the white 
pine causing a serious disease called blister rust. Its introduction 
into America is to regretted. Doubtless it is a recent importation 
from Europe, but just how it came onto the Station grounds is not 
known. The only white pines in the immediate vicinity of the 
affected plantation are two small trees 125 feet west, planted eight 
years ago. Possibly these trees are the source of infection. 

Remedial measures consist, chiefly, in the removal of whichever 
host (pines or currants) is regarded as of least value. In order to 
stamp out the disease, if possible, all plants of the genus Ribes on 
the Station grounds have been destroyed. 


* Read in abstract, Dec. 20, 1906, before Section G of the American Assoc- 
ciation for the Advancement of Science at the fifty-sixth annual meeting, 
held in New York. 

*Reprint of Technical Bulletin No. 2. 
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CIRCUMSTANCES ATTENDING THE DISCOVERY. 


While passing the currant plantation on the Station grounds 
September 26, 1906, the writer observed an unusual appearance 
of the foliage on some plants. Upon plucking one of the leaves 
for examination we were astonished to find the under surface 
yellow with a rust. Even to the unaided eye it was evident that the 
rust belonged to the genus Cronartium and upon microscopic exam- 
ination in the laboratory it proved to be Cronartium ribicola Dietr., 
a currant fungus of common occurrence throughout Europe but 
hitherto unknown in America.” 

The plantation in which the rust was found is one devoted to 
the testing of varieties. It contains about 175 plants and includes 
54 different varieties representing three species; viz., Ribes mgrum, 
R. rubrum, R. aureum. Most of the plants were set in the spring 
of 1903, being transplanted from another plantation about forty 
rods away. The remainder of the plants were set in the spring of 
1904. They varied in height from two to five feet. 

Of the 54 varieties, 48 were more or less rusted while the other 
six were free from rust. The several varieties of black currants, 
Ribes nigrum, were most affected— Monarch, Clipper and Star 
being among the worst and having almost every leaf thickly cov- 
ered with rust. In spite of this severe attack of rust the black 
currants were in full foliage. Some of the red and white varieties, 
R. rubrum, also were severely attacked, but most of them were only 
slightly affected. The plants of this species had already lost a con- 
siderable portion of their foliage from leaf spot, Septoria ribis. 
One variety of R. aureum (Jelly) showed traces of rust. Four 
varieties of R. rubrum (Prince Albert, Gondouin White, Stultz and 
an unknown variety) and two varieties of R. aureum (Crandall and 
Utah Golden) were entirely free from rust. 


*Dr. J. C. Arthur informs us that the only other record of the occurrence 
of this fungus in North America is that of a collection made by E. Bartholo- 
mew on iibes aurcum in Kansas in 1892. This was a solitary collection in 
the uredo stage which remained unrecognized until recently. Bartholomew 
listed the fungus (The Kansas Uredinee. Reprint from Trans. Kans. Acad. 
Science, 16:193. 1897-08. Issued June, 1899), as Uredo confluens Pers., 
but Dr. Arthur, who has examined the specimens, pronounced it the uredo of 
a Cronartium, presumably C. ribicola. 
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The infested currant plantation was adjoined on the west by a 
plantation of gooseberries containing many different varieties. Only 
one variety (Pearl) was affected and this but slightly. 

In another part of the Station grounds, near the Director’s resi- 
dence and about forty rods east of the infested plantation, there 
are planted sixteen different species of Ribes, including R. aureum, 
but neither PR. nigrum nor Rk. rubrum. Of these only one species, 
R. irriguum, was affected. There were two plants of R. wriguum 
and both were severely attacked. 

A large quantity of the rusted leaves was preserved. Specimens 
will be distributed in Fungi Columbiani, Century 24. 


DESCRIPTION OF THE FUNGUS. 


The fungus Cronartium ribicola was first described and named 
by Dietrich fifty years ago.2 It appears during the summer and 
autumn as a conspicuous orange-colored powder on the under sur- 
face of the leaves of various species of Ribes (currants and goose- 
berries). Two formes of spores, uredo- and teleutospores, are 
produced on Ribes leaves. The uredospores are ellipsoidal to 
ovoid, 19-35x14-224 with orange-colored contents and borne in sori 
forming pustules. The teleutospores are elongated, unicellular and 
massed together into peculiar orange-colored columnar processes 
which attain a maximum length of about two millimeters. These 
processes are usually curved. To the unaided eye they appear like 
coarse, yellow plant hairs, hence the German name “ Filzrost”’ 
(felt-rust) 4 

Another form (the aecidium form) of the currant rust fungus 
occurs on the trunks and branches of Pinus spp., especially the 
white pine,® Pinus strobus, producing a disease called blister rust 
(Blasenrost of the Germans). The pine-inhabiting form was first 
described by Klebahn in 1887 as a distinct species and by him 


* Dietrich (10). The number in parenthesis refers to the bibliography. 

*See Plates VII and VIII. 

*In Europe Pinus strobus is universally known as the Weymouth pine, 
being named after Lord Weymouth who took up its cultivation actively when 
it was first introduced into England in 1705. (See Garden and Forest, 


32536. 1800.) 


¥ 
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named Peridermium strobi.® Subsequently, through inoculation ex- 
periments made by Klebahn and others,’ it was conclusively proven 
that Cronartium ribicola on the currant and Peridermium strobi on 
the pine are not separate species but only different stages of one 
and the same fungus. 


GEOGRAPHICAL DISTRIBUTION AND ECONOMIC 
IMPORTANCE. 


Cronartium ribicola occurs in several European countries, and 
probably in India;§ but has never been found in Australia or in 
South America and in North America but once as mentioned on 
page 189, footnote 2. 

It was originally described in 1856 from specimens collected in 
western Russia. Since that time it has been reported from other 
places in Russia even to the Ural Mts.® on the east and to the 
Caucasus Mts.!° on the south. In Germany it is common and the 
injury which it does to the white pine is of considerable economic 
importance. Klebahn™ has reported a destructive outbreak of the 
disease among white pines in the vicinity of Bremen in 1887. 
Tubeuf,” in 1808, stated that specimens of it were to be found 
all over Germany and that it was destructive in the northeastern 
part. Among other instances of severe damage he mentions a 
large nursery near the Holland border in which the culture of white 
pines had been entirely given up on account of the fungus. In 
another publication the same author stated that the disease was 
spreading and becoming a serious menace in Germany.'? Eriksson" 
describes its epidemic occurrence in Sweden. Bos” states that in 


*Klebahn (23). 

"Wlebahn (24, p. XLIX), (26), (27, p. 31), (20, p. 333), (30, Dp. 74); 
(32, p. 16), (35, p. 86); Rostrup (53, p. 187), (54); v. Wettstein (67) ; 
Sorauer (58); Eriksson (13, p. 380); v. Tubeuf (64); Hennings (20); 
Schéyen (56). 

*Tulasne (66, p. 189), mentions a Cronartium on Ribes in India. 

*Sorokin (59). 

* Speschneff (60). 

™ Klebahn (24, p. XLV). 

@yv. Tubeuf (63). 


* Tubeuf (61). 
“Eriksson (12). 


mrss (s). 
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Holland it is so abundant that in many localities the culture of 
white pines is impossible. It is also reported from Belgium,!® Den- 
mark,!” Norway,!® Switzerland,’® France,” Austria?4 and Eng- 
land; 

Judging from the European literature on the subject, it appears 
that as a currant disease Cronartium ribicola is regarded as of little 
importance even in those regions in which it is abundant, but as a 
disease of white pines it has caused much damage. 

American mycologists, believing that it must eventually make its 
appearance in this country, have been on the lookout for it for many 
years; but with the exception of the Bartholomew collection pre- 
viously mentioned (footnote 2, p. 189) it has not been found any- 
where in the Americas. No Cronartium on any species of Ribes 
and no Peridermium on Pinus strobus are known to America. The 
fact that America is the home of the white pine makes the absence 
of Cronartium ribicola especially noteworthy. Magnus, Klebahn,™ 
and others have commented upon this and discussed the probable 
origin of the fungus. The most plausible theory advanced regard- 
ing the origin of Cronartium ribicola is that its original host was the 
Swiss stone pine, Pinus cembra, and that it was introduced into 
Germany in recent times from Russia where Pinus cembra forms 
extensive forests. Schellenberg expressed the opinion that it is 
also indigenous in the Swiss Alps on Pinus cembra. 

It is altogether probable that the apparent absence of Cronartium 
ribicola from America is real; or at least the fungus cannot have 
existed here long. It is unlikely that collectors have overlooked it. 
Both on the currant and on the pine it is conspicuous and readily 
identified. The horn-like masses of teleutospores are characteristic 
and serve to distinguish it from other rusts occurring on Ribes 
leaves. 


* Nijpels (44); Marchal (41), (42). 

7 Rostrup (53). 

* Blytt (7); Schoyen (56). 

* Fischer (15); Schellenberg (55). 

” Poirault (51). 

*v. Wettstein (67); Bubak (8). 

* Plowright (48), (49), (50). 

* Magnus (36), (37), (30), (40). 

“Klebahn (25), (26), (30, p. 155), (34, p. 78). 
* Schellenberg (55). 





SLATE VI.—THE EXPERIMENT STATION CURRANT PLANTATION IN WHICH THE 
OUTBREAK OF Rust OCCURRED. 
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PuateE VII.—Tue UNper Surrace oF Rust-INFESTED CURRANT LEAVES. 
A. UREDO AND TELEUTO SORI OF CRONARTIUM RIBICOLA (4). 
B. THE SAME, MORE ENLARGED. 
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PLate VIII—THE Currant AND Pine Rust. 
Cronartium ribicola. 


1, Uredo and teleutospore stages on leaf of black currant; 2, Uredospores, a, and 
teleutospores, 6, cemented together toform an erect, hairlike structure (X50); 
3, Uredospore, (300); 4, Four teleutospores, two of which are germinating, and 
one of the germ-tubes has produced four sporidia or secondary spores (X300) ; 
5, Aecidia on bark of white pine; 6, Aecidiospores (X300). (After Massee.) 
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ORIGIN OF THE GENEVA OUTBREAK. 


It would be interesting to know the origin of the outbreak at 
Geneva, but from the data now in hand it is not possible to locate 
definitely the original source of infection. It is likely that the 
fungus was imported with pines rather than with currants or goose- 
berries, since it is perennial within the stems and branches of the 
pine, while on Ribes it is confined entirely to the leaves. The only 
white pines in the immediate vicinity of the diseased currant plana- 
tion are two small trees standing 125 feet to the west. These were 
purchased from a Geneva nursery and set eight years ago. From 
a careful examination of these trees made in November they ap- 
peared in thrifty condition without any indication of Peridermium. 
Nevertheless, they may be the source of infection, notwithstanding 
their seeming freedom from disease. Peridermium. strobi should be 
sought in April and May; by November it is difficult to recognize. 

The two trees just mentioned are the only white pines on the 
Station grounds; and there are no specimens of Pinus cembra, P. 
lambertiana, P. monticola or any other Pinus having leaves in clus- 
ters of five. The nearest other possible sources of infection are a 
12-feet-high Pinus strobus sixty rods east, an aged Pinus strobus 
about eighty rods north and a sixteen-year-old Pinus cembra the 
same distance to the southeast. There are several nurseries in the 
vicinity of Geneva and it may be that some one of them has im- 
ported diseased pine trees. The nearest nursery containing pines 
liable to the disease is about one-half mile west of the Experiment 
Station. It contains a block of Pinus cembra and some Pinus stro- 
bus imported from France. Here may be the source of infection. 
However, contradictory evidence is found in the fact that a planta- 
tion of red currants (Ribes rubrum) directly across the road from 
this nursery was practically free from Cronartium. A careful 
search revealed just one leaf affected with Cronartium ribicola, 
which was in the teleuto stage. Another plantation of red currants 
between the nursery and the Experiment Station was entirely free 
from Cronartium. In fact the single affected leaf above mentioned 
is the only instance in which the Cronartium has been found outside 
the Station grounds although the neighboring currant plantations 


13 
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were carefully searched. Thus, the indications are that the source 
of infection is on the Station grounds. : 

This raises the question whether it is possible that the outbreak 
may have resulted from uredo- or teleutospores brought onto the 
Station grounds with imported currant plants. During the past ten 
years the Station has made several importations of currant and 
gooseberry plants, the latest one being from Hexham, England, in 
the spring of 1904. Can these plants have been the source of 
infection? It has already been stated that the aecidium stage of 
Cronartium ribicola occurs on certain species of Pinus, especially 
P. strobus. It has been proven that the uredo stage on the currant 
may start from infection with aecidiospores from the pine; and that 
the aecidium stage on the pine may result from infection with 
teleutospores from the currant.26 Further, it is believed, but not 
conclusively proven, that aecidiospores can not infect pines and 
teleutospores can not infect currants. The uredospores may infect 
currants directly, but they do not survive the winter. In short, in 
the absence of pines the currant rust can not perpetuate itself. “This 
is the generally accepted view and if it is a correct one the Geneva 
outbreak of currant rust could not have come directly from im- 
ported currants. However, some eminent mycologists have ex- 
pressed doubt on this point. Eriksson,?’ Fischer, Iwanoff,?® Nils- 
son,? and Speschneff,?! have all cited cases of the occurrence of 
Cronartium ribicola on currants in localities where Pinus strobus 
was lacking; and Eriksson,** particularly, has expressed the opinion 
that it may live from year to year on currants entirely independent 
of the aecidium stage on the pine. Klebahn,** on the contrary, be- 
lieves that this view should not be accepted without thorough in- 
vestigation. In none of his numerous inoculation experiments was 
there a recurrence of Cronartium the following season. In our 
own case the outbreak on currants can not be satisfactorily ac- 


** See references given in footnote 7. 
* Eriksson (13 p. 382). 

= Hiscneny C15 ys 

™Iwanoff (22, p. 99). 

* Nilsson (45). 

** Speschneff (60). 

* Eriksson (13, p. 392). 

* Klebahn (33). 
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counted for except on the assumption that the two nearby Pinus 
strobus trees were diseased last spring. It may be possible to deter- 
mine this point next spring. If it can be proven that these trees 
were free from Peridermium in the spring of 1906 then it would 
seem that we have here evidence in support of Eriksson’s view; 
for it is scarcely possible that pine trees sixty rods or more distant 
can have been responsible for so abundant an infestation. 


POSE Moy lb PR ADIC A TION. 


In order to stamp out the disease, if possible, every Ribes plant 
on the Station grounds has been destroyed. The two white pines 
standing by the currant plantation, also, will be destroyed if they 
show the disease next spring. A careful watch will be kept over 
pines and currants in the vicinity of the Station and in case of the 
appearance of the disease next season measures will be taken to 
secure the prompt destruction of all affected plants. Perhaps the 
disease may be stamped out, but the chances are against it. The 
writer knows of no record of a successful attempt at the compiete 
eradication of a fungus disease of plants. It is rarely attempted. 

Even should this attempt prove successful, it can not be expected 
that the disease can much longer be kept out of America. Consider- 
ing the frequency with which pine trees are imported it is a wonder 
that the disease has not made its appearance here before. 


ITS PROBABLE IMPORTANCE IN AMERICA. 

It is improbable that growers of currants and gooseberries in 
America have much to fear from this new disease. Even when 
currant leaves are abundantly infested with the rust fungus they 
appear to be but little injured by it. On the Station grounds 
black currants which were badly infested held their leaves until 
well into October. 

The chief danger from Cronartium ribicola lies in its effect on 
pine trees, particularly the white pine. In parts of Europe it has 
wrought havoc among white pines and there is no apparent reason 
why it should be less destructive in America should it become 
established here. Indeed, it may become even more destructive. It 
has not infrequently happened that a parasitic fungus introduced 
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into a new country has become more virulent in its attack and 
caused greater damage than in its native country. 

There is also the possibility that it may extend its list of host 
plants. In Europe it is known to attack only four species of 
Pinus ;°4 viz., P. strobus, P. cembra, P. lambertiana and P. monti- 
cola, all of which bear their leaves in clusters of five. 


TREATMENT. 


Since it is probable that pine trees and Ribes plants are both 
necessary to the perpetuation of the Cronartium, the destruction of 
all specimens of either of these two kinds of host must result in the 
extermination of the rust. Accordingly, the principal method of 
control recommended by European writers is the destruction of 
whichever of the two hosts is the least valuable. Wherever there 
is danger of the disease, currants or gooseberries should not be 
planted near white pines. 

It is possible that on currants and gooseberries the rust might 
be controlled by spraying with bordeaux mixture, but no experi- 
ments have been made. On the Station grounds one application 
of bordeaux mixture made as soon as the fruit had set apparently 
had no effect on the rust. 


BIBLIOGRAPHY OF CRONARTIUM RIBICOLA AND 
PERIDERMIUM STROBI. 


With the appearance of Cronartium ribicola in this country there 
is likely to come renewed interest in it. In order to facilitate the 
labors of American mycologists who wish to examine the literature 
of the subject, the following bibliography has been compiled. It is 
not quite complete and several of the articles have not been seen 
by the writer. By far the most important of the references given is 
Klebahn’s book, Die wirtwechselnden Rostpilze, which contains an 
authoritative resumé of the whole subject with numerous citations 
of literature. 


1. Anonymous. Cronartium ribicola Fischer, nov. sp. Hedwigia, 11:182. 
1872. 





2. Weymouth Pine Disease. Gard. Chron., III., 11:736. 1802. 
“3. de Bary, Ay Bot, Ziz. 3rtasT. 167s 


*Klebahn (34). 
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Notiz tiber Cronartium ribicola. Bot. Ztg., 32:79-80. 1874. 


. Bos, J. Ritzema. Phytopathologisch Laboratorium Willie Commelin 


Scholten, Verstag 1900. Landbouwk. Tijdschr., 9:77. 1901. 
Phytopathologisch Laboratorium Willie Commelin Scholten, 
Verslag 1901. Tijdschr. Plantenztekten, 8:22. 1902. 





. Blytt, A. Bidrag til kundskaben om Norges soparter. [V. Chrisitiana 


Vid. Selsk. Forh., 1896. No. 6. 


. Bubak, Fr. Ein Beitrag zur Kenntnis der bohmischen Peronosporeen, 


Ustilagineen u. Uredineen. Verhandl. K. K. zgool-bot. Gesell. Wien., 
47:233. 1897. 


. Dietel, P. Betrachtungen iiber die Verteilung der Uredineen auf ihren 


Nahrpflanzen. Centbl. Bakt. [etc.], II., 12:218-234. 1904. 
Dietrich, H. A. Blicke in die Kryptogamenwelt der Ostseeprovinzen. 
Arch. f. d. Naturk. Liv-Est-und Kurlands, II., 1:287. 1856. 


'. Eriksson, J. Om nagrasjukdomar a odlade vixter. Kgl. Landtbr. Akad. 


Handl. o. Tidskr., 1890. p. 224. 

Ueber einige Krankheiten kultivierter Pflanzen und tiber Mass- 

regeln zur Beschrankung der Pflanzenkrankheiten. Mitteil. a. d. 

Experimentalfelde der Kgl. Landb.-Akademie. Nr. 11. Stockholm, 

1890. (Abstract in Ztschr. Pfhanzenkrank., 1:27-33.) 

Einige Beobachtungen tiber den stammbewohnenden Kiefern- 
blasenrost, seine Natur und Erscheinungsweise. Centbl. Bakt. [etc.] 
II, 2:377-394. 1806. 

Ewert, Dr. Das Auftreten von Cronartium ribicolum auf verschiedenen 
Ribes-Arten in den Anlagen des Kgl. Pom. Instituts zu Proskau. 
Ztschr. Pflanzenkrank., 13:92-93. 1903. 

Fischer, Ed. Beitrage zur Kenntnis der Schweizerischen Rostpilze. Bul. 
Herb. Boissier, 6:11. 1808. 

Die Rostkrankheiten der forstlich wichtigsten Nadelhdolzer nach 
dem heutigen Stande unserer Kenntnis. Schweiz. Ztschr. Fortsw., 
1900: 189. 

Frank, A. B. Die Krankheiten der Pflanzen. Zweite Aufl. 2:186. 1806. 

Gobi, Chr., und Tranzschel, W. Die Rostpilze (Uredineen) des Gouvern- 
ements St. Petersburg, etc. Aus dem Botan. Laboratorium der K. 
Universitat in St. Petersburg. 1801. 

Hennings, P. Ueber das epidemische Auftreten von Cronartium ribicola 
Dietr. im Dahlemer botan. Garten. Sep.-Abdr. aus Notizblatt des 
Konigl botan. Gartens und Museums zu Berlin. No. 28. 172-175. 24 
Feb., 1902. 

Beobachtungen tiber das verschiedene Auftreten von Cronartium 

ribicola Dietr, auf verschiedenen Ribes-Arten. Ztschr. Phanzgenkrank., 

I12:120-132. 1902. 














. Hisinger, E. Peridermium pini a corticolum dddande Pinus strobus. 


Bot. Notiser, 1876:75. 
Iwanoff, K. S. Die im Sommer 1808 bei Petersburg (Russland) beobach- 
teten Krankheiten. Zitschr. PHhanzenkrank., 10:97-102. 1900. 
Klebahn, H. Beobachtungen und Streitfragen iiber die Blasenroste. 
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Peete ehlONt OP DIU ThE ACIDS: UPON 
CASEIN WHEN NO SOLUBLE COM- 
BOWEN io hore PONE Dee 


L. L. VAN SLYKE AND D. D. VAN SLYKE. 


3 SUMMARY. 


1. Object The work of which an occount is presented was 
undertaken primarily to measure more accurately the amount of 
acid that combines with casein to form a definite compound in- 
soluble in water, but facts were developed which raised the funda- 
mental question as to whether the action is one of real chemical 
combination and to this question chief attention is directed. 

2. Outline of method of work.— Casein is agitated with dilute 
acids of known strength for given periods of time, the mixture is 
filtered and the amount of acid taken up by the casein 1s measured 
by the decrease in the conductivity of the solution. It was found 
necessary to work out special formulas in order to calculate con- 
veniently the results of conductivity measurements into terms giv- 
ing equivalent amounts of acid. In some cases, casein that had 
taken up acid was treated with water and the acid partially ex- 
tracted. 

3. General scope of work.— The behavior of casein was studied 
(1) with four acids of different dissociating power (hydrochloric, 
sulphuric, lactic and acetic) ; (2) with N-125, N-500, N-1ooo and 
N-2000 concentrations of these acids; (3) for contact of different 
periods of time, ranging from 5 minutes to 48 hours; (4) at dif- 
ferent temperatures (O°, 25° and 45° C.); and (5) with dilute so- 


es yD 
*Reprint of Part I, Technical Bulletin No. 3. 
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lutions of neutral salts (potassium chloride and magnesium sul- 
phate). 

4. Solubility of casein in dilute acids——It was necessary first 
to ascertain conditions under which casein forms soluble compounds 
with dilute acids in order to avoid such solution. Evidence of sol- 
ution was shown (1) by viscosity of solution, (2) by behavior of 
solution on adding alkali, such as opalescent or milky appearance 
oy precipitation, (3) by the xanthoproteic reaction, and (4) by de- 
viation between results obtained by conductivity and by titration 
methods. In case of solution, titration results are untrustworthy 
for measuring the amount of free acid in solution because the dis- 
solved proteid neutralizes per se part of the alkali used for titration, 
and also gives up to the alkali any acid with which the proteid may 
have combined. Little or no solution of casein occurs even on sev- 
eral hours’ contact at 0° C. with solutions not stronger than N-500, 
or at 25° C. with solutions not stronger than N-1o000. Degree 
of solution is increased (a) by concentration of acid, (b) by in- 
crease of temperature, and (c) by prolongation of contact. The 
solvent action of the four acids studied was in the following order, 
from the strongest to weakest: hydrochloric, lactic, sulphurie and 
aetic. ‘The rate at which casein dissolves in different acids of the 
same normality is not proportional to the concentration of the Ht 
ions, or to the dissociation, but is disproportionately great for the 
weak organic acids. From solutions of equal strength, the dissolved 
proteid takes up a larger proportion of acid than does the undis- 
solved. 

5. General action of acids and casein without solution.— 
Casein takes up acids from dilute solutions. For example, one 
gram of casein shaken with 100 cc. of N-1000 hydrochloric acid 
for 3 hours, takes from the solution nearly 50 per ct. of the acid. 
The amount of acid thus taken up is not definite and fixed but varies 
(1) with the concentration of the acid, (2) with the duration of 
contact until equilibrium is reached, which requires some hours, 
(3) with the degree of agitation until equilibrium is reached, 
(4) with the temperature, and (5) with the kind of acid. Some 
acid is always taken up, however small the amount of acid used; 
but the acid is never completely removed from the solution, how- 
ever large the proportion of casein present. 
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6. Equilibrium ratio of reaction— The maximum amount of 
acid absorbed by a gram of casein varies almost directly with the 
concentration of the acid within the limits used (N-125 and 
N-1000) in the case of hydrochloric, lactic and acetic acids, so that 
at equilibrium the ratio of acid in 1 gram of casein to the acid in 
I cc. of surrounding solution is nearly constant. In the case of 
sulphuric acid the ratio increases with dilution of acid. The 
equilibrium ratio reached when 1 gram of casein is treated with 
100 cc. of N-500 solution at o°, is 675 for sulphuric acid, 147 for 
hydrochloric, 80 for lactic and 36 for acetic. Equilibrium is reached 
in 2 to 24 hours according to (1) the acid used, (2) the tempera- 
ture, and (3) the degree of agitation. The greater part of the acid 
reacting is generally taken up in the first half hour or hour. In- 
crease in temperature increases the rate at which equilibrium 1s 
approached, but decreases the final amount of acid taken up, when 
solution of casein does not result at the higher temperature. 

7. Extraction of acid from casein.— The acid taken up by casein 
may be extracted by shaking with water. The extraction con- 
tinues until the equilibrium ratio (concentration of acid in I gram 
of casein divided by concentration of acid in 1 cc. of surrounding 
solution) is established, and then ceases. 

8. Neutral salts— Neutral salts (potassium chloride and mag- 
nesium sulphate) are not adsorbed from dilute solution by casein. 

g. The behavior of casein with dilute acids, when no solution 
occurs, suggests three different explanations: (1) an adsorption 
compound, (2) solution of acid in casein, or (3) a hydrolyzible 
salt of casein. A careful application of the experimental results 
to each of these hypotheses indicates that the action appears to cor- 
respond in detail only with the characteristics which apply to an 
adsorption. 

10. On the basis of this explanation, the proteid precipitated 
when milk sours is free casein in which lactic acid is held by ad- 
sorption. 

INTRODUCTION. 

In Bulletin No. 261 it was shown that when base-free casein 
is suspended for a time in dilute hydrochloric acid and then fil- 
tered, the acid is not all recovered in the filtrate. According to 
the results then obtained, it appeared that one gram of casein, when 
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thus treated, takes from solution about 5 cc. of N-10oo0 HCl and 
forms with it a definite compound, which, like the casein itself, 
is insoluble. ‘The method of determining by titration with standard 
alkali the amount of acid remaining in the filtrate did not, under 
the conditions employed, yield results that were more than ap- 
proximate. It was thought that more satisfactory results could 
be obtained by measuring the changes in electrical conductivity of 
acids caused by treating the acids with casein. 

The special object of the work described in this bulletin was to 
secure additional data bearing on the question as to whether casein 
combines with acids to form insoluble casein salts of acids, a ques- 
tion which has been in dispute for over fifty years and which has 
an intimate connection with the coagulation of sour milk and also 
with certain stages of cheese-making. While the basic property 
of proteids has long been recognized, it is within the past fifteen 
years that evidence has accumulated, furnishing more specific proof 
that acids combine with proteids to form chemical compounds; and 
the more intimate knowledge gained in regard to the constitution 
of proteids has constituted an essential part of this evidence. This 
view is supported by the work of the following investigators: 
Sjoqvist,! Cohnheim,? Cohnheim and Krieger,? Erb, Bugarszky 
and Liebermann,®> Matthews,* Osborne,’ von Rohrer,’ Panormoff,? 
Hardy,” Mellanby'! and Robertson.” 

It was found that in general the amount of acid combining with 
unit mass of a given proteid in solution was not constant, but de- 
pendent upon the concentrations of acid and proteid. This was 
explained by the hypothesis that the proteids act as weak bases, 
and consequently their combinations with acids hydrolyze. Spiro 





*Skand. Arch. Physiol., 5:277. 1804. 
*Ztschr. Biol., 33:489. 1896. 

*Ztschr. Bioi., 40:05. 1900. 

*Ztschr, Biol., 412300. 1001; 

° Arch. Physiol. (Pfliiger), 72:51. 1808. 
* Amer. Jour. Phystol., 7:445. (1808.) 
"Jour. Amer. Chem. Soc., 24:39. 1902. 

* Arch. Physiol. (Pfiliiger), 90:368. 1902. 
°Jour. Russ. Physiol. Chem. Gesell., 312556. 
Jour. Physiol, 33:333. 1005. 

* Jour. Physiol., 33:373. 1905. 

Jour. Biol. Chem., 2:317. 
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and Pemsel! concluded from the lack of constant combining pro- 
portions that the reaction between proteids and acids was not a | 
true salt formation, but a case of physical distribution of the acid 
between proteid and solvent water. In reaching their conclusions, 
however, they appear to have overlooked the effect of the hydro- 
lysis which is to be expected from salts of weak bases, and the 
weight of evidence inclines entirely towards the view that proteids 
form chemical compounds with acids. 

In studying the action of acids on proteids, various methods have 
been used by different workers in measuring the amount of free 
acid that disappears as such after treatment with proteid. In the 
case of a soluble proteid-acid product, the compound may be pre- 
cipitated and the quantity of acid that is held in the precipitate or 
left in the solution determined by ordinary chemical methods. 
Titration of the solution has been the method usually employed. 
As precipitants, Cohnheim and Spiro and Pemsel used ammonium 
sulphate. Later Cohnheim and Krieger introduced the use of cal- 
cium phospho-tungstate. Erb also employed this method, and his 
results led to the conclusion that proteid-acid salts hydrolyze more 
completely as their concentration increase, a behavior directly op- 
posite to that of known hydrolizible salts. Von Rohrer, however, 
showed that the calcium phospho-tungstate method could not give 
accurate results, because the phospho-tungstic acid, like phosphoric, 
renders accurate titration impossible. He showed that picric 
acid and dipotassium mercuric tetraiodide (K,HglI,) precipitated 
acid albumin containing an unvarying equivalent of acid inde- 
pendent of the excess or kind of acid, also of the temperature, and 
of the precipitant used. He explains this on the ground that while 
an equilibrium exists between the acid-proteid (Alb Cl) and free 
proteid (Alb OH), 

Alb Cl-+- HOH =. AIbOH + HCI 
only the acid-proteid is sufficiently dissociated to react with the pre- 
cipitant. As this is precipitated and the equilibrium disturbed, the 
reaction goes from right to left, forming more Alb Cl, which in turn 
is thrown down, until no proteid is left in solution, the precipitate 
being entirely unhydrolyzed acid-proteid. This method gave the 


* Arch, Physiol. Chem., 26:233. 1898-0. 
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acid equivalents of the proteids, but, as von Rohrer points out, 
physico-chemical methods must be employed in order to ascertain 
the degree of hydrolysis of the proteid and the amount of acid it 
holds as it exists in solution. 

Several physico-chemical methods have been employed to meas- 
ure the acid combined when no precipitation occurs. Sjéqvist used 
the method of electrical conductivity. Bugarszky and Liebermann 
measured, by means of the electromotive force of concentration 
cells containing acid, the changes in concentration of the latter 
caused by contact with proteid; they also measured the change in 
freezing point due to the addition of various amounts of proteid 
to dilute acid. Cohnheim measured the free acid by the velocity 
of the catalysis of cane sugar. 

However, in the work done by most of the investigators men- 
tioned above, the compounds of proteids and acids which they 
studied are soluble, unlike the insoluble substance formed by treat- 
ing casein with dilute acids. Osborne! has studied the action of 
hydrochloric acid upon neutral edestin suspended in water, con- 
cluding that it forms a monochloride insoluble in water. Leo? 
states that fibrin forms a series of insoluble compounds with hydro- 
chloric acid. Laxa? and Richet* are, so far as we know, the only 
workers who have worked with casein, proceeding upon lines similar 
to our previous work. Laxa regards the insoluble substance formed 
by treating casein with lactic acid as a case of chemical combination. 
He concludes that lactates of casein which contain one per ct. of 
lactic acid or less are insoluble in water, while lactates of casein with 
higher content of acid are soluble. 

When the proteid-acid substance is insoluble, as in the case of 
casein with dilute acids, the amount of acid taken up by the casein 
may be measured by determining through titration how much acid 
remains in the filtrate after the removal of the insoluble casein-acid 
substance. The titration method, as used in previous work, gives 
misleading results, unless the conditions of treatment are such that 
no casein goes into solution. In case of solution, the amount of 


*Jour. Amer. Chem. Soc., 24239. 1902. 
*Ztschr. Physiol. Chem., 46:286. 1905. 

* Milchw. Zentbl., 12538. 10905. 

“Compt. Rend. Soc. Biol. [Paris], 60:650. 1906. 
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acid in the filtrate, measured as free acid, is too high, since the 
titration represents not only the acid that has not been taken up by 
casein but also that which has combined to form soluble compounds 
and, in addition, the acidity of the dissolved proteid itself. When 
the work previously published was done, the ease with which casein 
dissolves in very dilute acids was not fully appreciated, and the 
conditions then employed permitted some solution, as we have since 
learned by repeating some of the former work. 

When no solution occurs and conditions permit the use of acids 
sufficiently concentrated for accurate titration, results by titration 
agree closely with those obtained by measuring electrical con- 
ductivity. In order to avoid solution, it was necessary to use dilu- 
tions as high as N-1ooo or to have the reaction occur at low 
temperature. In the case of high dilution, accurate titration was 
impossible, even when solution was prevented, and therefore con- 
ductivity measurements were used in all cases as the basis of our 
work. 

When we began the work embodied in this article, we expected 
simply to measure more accurately the amount of acid that would 
combine with one gram of casein to form a definite compound in- 
soluble in water; but we soon found the problem less simple than 
we had supposed. In one set of experiments, we treated varying 
amounts of casein with a fixed amount of acid, the larger amounts 
of casein being, theoretically, more than sufficient to take up all the 
acid, judging from previous results. However, we found that some 
free acid remained in the filtrate in every case and, moreover, the 
acid was taken up in different proportions by the casein. Also, in 
treating casein with acids of different concentrations, it was found 
that the amount taken up varied with the different concentrations of 
solution. The phenomena were such as to suggest something else 
than simple, definite chemical combination ; and our study practically 
resolved itself into an effort to decide what hypothesis was best sup- 
ported by facts,— whether that of (1) definite chemical combina- 


tion accompanied by hydrolysis, or (2) solution of acid in proteid, or 
(3) adsorption. 


In order to obtain data which might be utilized in coming to a 
decision in regard to the kind of action involved, the behavior of 
casein was studied (1) with acids of different dissociating power, 

14 
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(2) with acids of different concentrations, (3) for different periods 
of time, (4) at different temperatures, and (5) with dilute solutions 
of neutral salts. 

The acids used were hydrochloric, lactic, sulphuric and acetic. 
The concentrations of the acids used were, approximately, N-125, 
N-500, N-1o00 and N-2000. 

The periods of time used for keeping casein and acid in contact 
varied from one minute to forty-eight hours; the periods usually 
employed were 5, 15 and 45 minutes, 114, 3 and 6 hours, in the case 
of experiments at room temperature or higher; while additional 
periods of 12, 24, and sometimes 48 hours were used in the case of 
experiments at 0°. C. The temperatures used were 0°, about 25° 
(room temperature) and 45° C. The study of hydrochloric and 
sulphuric acids was made to cover more details than in the case of 
the other acids. 


DESCRIPTION OF METHODS, APPARATUS AND RE- 
AGENTS USED. 


METHOD OF PREPARING CASEIN. 


To 1 liter of fresh, separator skim-milk, we add about 6 liters 
of distilled water and enough dilute acetic acid (10 to 15 cc. of 
strong acid diluted with water to a liter) to cause complete pre- 
cipitation of casein, avoiding any marked excess of acid. The 
mixture is kept vigorously agitated while the acid is being grad- 
ually added. The precipitate is allowed to settle, the superna- 
tant liquid is decanted or siphoned off, after which the precipi- 
tate is washed with copious amounts of distilled water, until the 
wash-water no longer shows an acid reaction to litmus. The pre- 
cipitate is then treated with just enough dilute ammonia water 
(about 5 cc. of strong ammonia diluted to a liter) to dissolve the 
casein, forming a solution neutral to litmus. The solution is diluted 
to about 6 liters with distilled water and reprecipitated by dilute 
acetic acid. Much less acid is required for the second and subsequent 
precipitations than for the first. The precipitate is washed free 
from acid as before and then redissolved in dilute ammonia. Re- 
precipitation and redissolving should be performed five or six times. 
The casein should not be allowed to stand longer than necessary 
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in contact with either acid or alkali. The final filtration and wash- 
ing are completed on a Buchner funnel, the precipitate being 
washed until free from acid. The washed precipitate is then sus- 
pended in one liter of N-1000 HCl and agitated for two hours, 
in order to remove any remaining inorganic salts as completely as 
possible. Two treatments of this kind are given. The casein is 
finally washed until free from hydrochloric acid and is then agitated 
for two or three hours with a liter of very pure water (showing 
a conductivity not greater than 1.5 to 1.8 X 10-®), the operation 
being repeated two or three times until the filtrate shows an in- 
crease of not more than I or 2 X 10-® in conductivity, as com- 
pared with the conductivity of the wash water used. The pre- 
cipitate is then treated with about a liter of strong alcohol and 
ether (these reagents should show no conductivity when mixed 
with pure water), in order to remove any fat that may adhere 
to the casein. The precipitate is then dried at room temperature, 
ground fine in a mortar and finally dried at 45° to 50° C., until the 
moisture content is reduced to 3 or 4 per ct. Casein thus prepared 
by us had an ash content of about 0.25 to 0.30 per ct. We used this 
method of drying, because, according to Laqueur and Sackur,’ 
moisture can be completely removed from casein only by heating 
to a temperature that may alter the nature of the proteid. Cor- 
rection is made for moisture, so that the amounts used in our work 
represent water-free casein. 

It is important that the casein, when suspended in water, shall 
show little or no conductivity. With sufficient care one can prepare 
casein that is practically conductivity-free. Hardy? speaks of the 
impossibility of obtaining suspensions of globulin free from con- 
ductivity. 

The thorough treatment of the casein with dilute hydrochloric 
acid and water near the end of the process of preparation rendered 
it probable that no salts would be left in the casein in a form 
capable of vitiating results by dissolving or reacting with the acids 
used under the conditions of experiment. Proof of this was 
afforded by the agreement of the conductivity and titration results 
in experiments made under conditions such that solution of proteid 
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was avoided, as well as by agreement of the equilibria obtained by 
different methods of treatment. (See Fig. 8 and Table XVIII for 
examples. ) 


GENERAL OUTLINE OF METHOD OF MEASURING ACIDITY. 

The method of finding the amount of acid taken up by a given 
weight of casein was, briefly stated, as follows: The casein was 
agitated in a Jena Erlenmeyer flask with a measured volume of 
acid of known strength for a given period of time, after which 
it was filtered and the amount of acid taken up by the casein 
was ascertained by means of the decrease in the conductivity of 
the solution. In a part of the work, titration results with N-10o 
NaOH were obtained for comparison with the conductivity results. 

The details of the method will be considered in the following 
order: (1) Preparation of flasks, (2) preparation of standard 
solutions, (3) measuring solutions for use, (4) preparation of con- 
ductivity water, (5) methods of agitation, (6) introducing casein 
into the acid solution, (7) filtration, (8) method of measuring con- 
ductivity, (9) data illustrating accurracy of method, (10) calcu-~ 
lating conductivity results in terms of concentration of acid. 


PREPARATION OF FLASKS. 

Jena Erlenmeyer flasks holding 200 cc. were used in holding 
the acid and casein for reaction. It is important to use glassware 
which on contact with solutions will not affect the conductivity. 
Jena glassware was found to meet this requirement and it was 
employed in all operations where solutions were in contact with 
glassware for any considerable period of time. Before being used, 
the flasks were carefully cleaned, rinsed with distilled water, then 
with conductivity water and finally dried in a steam oven. 

Rubber stoppers, thinly coated with paraffin, were used in these 
flasks ; the stoppers were thoroughly rinsed with conductivity water 
and then dried on clean filter paper before being used. A test of the 
effect of paraffin showed it to be practically without influence upon 
the conductivity of water. 


* Beitr. Chem. Physiol. u. Pathol., 3:206. 1903. 
* Jour. Physiol., 23:273. 1905. 
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PREPARATION OF STANDARD SOLUTIONS OF ACIDS. 


A solution of N-10 HCl was standardized by the official silver 
chloride method.t’ A solution of N-1o NaOH was then prepared 
by titration. By means of this, N-1o solutions of other acids were 
prepared. The acetic and lactic acids used were of the highest 
quality manufactured by Kahlbaum; the hydrochloric and sulphuric 
acids were of the purest grade made by Baker & Adamson. Only 
water of less than 2.2 X I0-® conductivity was used in making uss 
standard preparations of acids. 


MEASURING SOLUTIONS FOR USE. 


In measuring the solutions, carefully calibrated pipettes were 
used and the solutions were delivered into the flasks with the 
smallest possible amount of exposure to the air. 


PREPARATION OF CONDUCTIVITY WATER. 


Water of conductivity as low as I X 10-® was prepared by treat- 
ing ordinary distilled water with a mixture of sulphuric acid and 
potassium bichromate and then distilling. To a 12-gallon carboy of 
ordinary distilled water (of conductivity equal to 15 to 18 X I0-®) 
we added in water solution 20 grams of potassium bichromate and 
20 cc. of concentrated sulphuric acid, and then allowed the water 
thus treated to stand about 24 hours before distillation. This was 
performed with a retort of Jena glass, arranged in the manner de- 
scribed by Hulett? Four liters of the treated water were placed 
in the retort and the first three distilling over were collected in a 
Jena glass flask. The conductivity of the first liter of distillate was 
generally 1.0 to 1.2 X 10-®, and of the third, 1.5 to 1.8 10%. A 
condensing tube of glass, after several liters had been distilled 
through it, gave as pure water as we were able to get with a block- 
tin tube. It was found unnecessary to redistil the water from 
barium hydroxide, since the laboratory distilled water appeared to 
contain practically no carbon dioxide. 





*U. S. Dept. Agr., Chem., Bul. No. 46. 
? Ztschr. Phys. Chem., 21:297. 18096. 
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INTRODUCING CASEIN INTO ACID SOLUTION. 


The desired amount of acid is first delivered into the reaction 
flask and then to this is added the weighed amount of casein. In 
the experiments carried on at 45° and 0° C., the acid solution in 
the flask was allowed to come to the desired temperature before 


the casein was introduced. 


METHODS OF AGITATING THE MIXTURE OF CASEIN AND ACID. 


In most of the experiments made at room temperature, we placed 
the flasks in a revolving apparatus, which kept the casein in con- 
stant motion throughout the acid solution. In the experiments 
made at 0° and 45° C., the agitation was performed by occasional 
shaking by hand. When the mixtures of casein and acid were 
shaken only at intervals, the reaction rate was somewhat slower 
and less regular than when agitation was continuous, the irregular- 
ity being shown by points lying noticeably off their curves occa- 
sionally, but the difference was not great and, of course, the equi- 
librium finally reached was not altered. 


METHOD OF FILTRATION. 


When the casein has been in contact with the acid as long as 
desired, the liquid is filtered into a 200 cc. Jena flask through a 
platinum Gooch crucible. The receiving flasks are cleaned and 
dried in the manner already described above. The Gooch crucibles, 
before use, are rinsed with conductivity water, then a thin mat of 
asbestos, previously suspended in conductivity water, is formed in 
the bottom of each. Before use the whole is dried in order to pre- 
vent any dilution of the filtrate by adherent water. To insure the fil- 
trate further against possible contamination, the precaution is taken 
to rinse the receiving flask with two portions, of a few cubic centi- 
meters each, of the filtrate first drawn through, these rinsings being 
thrown away. In this way, one can filter 100 cc. of liquid in less 
than a minute, thus reducing to a minimum the exposure of the 
solution to air. Water having a conductivity of 31.5 X 10-® in- 
creased only 0.2 to 0.3 X 10-° after being passed through such a 
filter in a blank experiment. 
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METHOD OF MEASURING THE CONDUCTIVITY OF THE FILTRATE. 


The flask containing the filtrate is closed at once after filtration 
by a paraffined rubber stopper, prepared in the manner previously 
described; it is then placed in the thermostat at 25° C. and allowed 
to remain until the solution has reached this temperature, usually 
about one hour. ‘The electrical conductivity is then measured in an 
ordinary Ostwald or Arrhenius cell. 

After the filtrates in a number of flasks have been brought to 
the temperature of the thermostat, the conductivities can be taken 
in rapid succession. We found the following method of manipula- 
tion to combine satisfactorily accuracy and rapidity in running a 
series of measurements :— The cell and electrodes are dried with 
clean filter paper after examining each filtrate, rinsed with the next 
filtrate to be tested and then placed in the thermostat, after which 
some of the solution to be tested is placed in the cell. After the 
resistance is taken, the solution is stirred with the electrodes a 
short time to make sure that the solution has reached the tempera- 
ture of the bath. We rarely observed any change in the second 
reading. 

The reading is then taken with care, using in the resistance box 
a resistance which brought the knife contact near the center of the 
bridge, where the error is least. The solution in the cell is replaced. 
by a second portion from the same flask and the reading repeated. 
The two readings are usually identical. In case of disagreement, a 
third portion of solution is used, which practically always agrees 
with the second. In the case of the last portion used, three read- 
ings are taken on different parts of the bridge. The results usually 
agree within a limit of one part in a thousand. 

All measurements of conductivity were taken with a calibrated 
Wheatstone bridge by the usual Kohlrausch method at a tempera- 
ture or 25° C. + 0.03° C, maintained in a thermostat by an Ostwald 
regulator. 

The capacities of the Ostwald and Arrhenius cells were deter- 
mined and frequently checked with N-50 and N-500 KCI solutions, 
respectively. The solutions were made by successive dilutions from 
a standard normal solution having a specific gravity at 18° C. of 


216 REPORT OF THE CHEMIST OF THE 


1.04488 (water at 4° C==1). ‘The potassium chloride had been 
recrystallized four times from solution in conductivity water and 
then finally fused. 


DATA ILLUSTRATING ACCURACY OF METHOD USED IN EXPERIMENTS. 


Results obtained by the method employed could be closely dupli- 
cated when the conditions of experiment were uniform. For ex- 
ample, four portions of 100 cc. each of N-125 lactic acid were 
treated under constant agitation for 20 minutes, each with I gram 
of casein. The percentages of acid taken up, as shown by measur- 
ing the conductivities of the filtrates, were 29.73, 29.94, 29.64 and 
29.85. The agreement of these figures may be regarded as satis- 
factory, when we consider the fact that the reaction is still proceed- 
ing quite rapidly at the end of 20 minutes and that the exact time 
of contact was not quite the same in each case, owing to the inter- 
val required for removing the flasks from the shaker and filtering. 

‘As the reaction approaches equilibrium, the proportion of error 
decreases. 


METHODS OF CALCULATING EQUIVALENT CONCENTRATIONS OF DILUTE 
ACIDS FROM CONDUCTIVITIES. 


It is important, of course, to state the results of conductivity 
measurements in terms expressing equivalent amounts of acid. 
The method of Kohlrausch,! while convenient to use when only 
a few calculations are needed, was found unwieldy for our work, 
even with the mineral acids. In the case of the weak organic 
acids, the method was practically useless, owing to the number 
of approximations required in each calculation before reaching an 
accurate result. Consequently, we worked out two simpler methods, 
one for the mineral acids and one for the organic, which enabled 
us to make the necessary calculations with comparative ease and 
rapidity. 

Method for sulphuric and hydrocloric acids— The purely graph- 
ical method is simplest in principle but involves the laborious pre- 
paration of very accurate curves. The purely mathematical cal- 


*Leit. d. Elek., p. 130. 
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culation is, as already stated, unwieldy. A combination, however, 
of simple approximate calculation with a relatively small graphical 
correction avoids both these difficulties. For the mineral acids, we 











used the formula x = Ro es xX 10°%= the concentration of the 
acid based on that of N-1000 as unity; R== the resistance of the 
acid in the cell; 4 = a graphic correction to R. The formula is 


based on the fact that, for electrolytes as strong as hydrochloric 
and sulphuric acids, dissociation is sufficiently complete at dilutions 
above N-125 to make the resistance approximately inversely pro- 
portional to the concentration. If the proportion were exact, the 
equation, + ae , would hold good. However, as the concentration 
increases from the point where dissociation is not complete, R 
becomes too large to fit the equation exactly, the proportionate 
excess increasing with the concentration. By subtracting this ex- 
cess, 4, from R, we have the equation, x an , which is exact. 
The value of 4 can easily be determined with accuracy sufficient for 
results correct to one pro mil. by graphic interpolation, plotting 
values of R as abscissae and those of 4 as ordinates. Of course, 
one can use conductivities as easily as resistances, employing the 
formula + = c (k—4); k = conductivity; but more convenient 
curves are obtained by the use of resistances. After finding the 
values of c and 4 for a cell of capacity K, the formula can be 
used with a cell of capacity K’ by multiplying c and 4 by =. 

In the case of sulphuric acid, the range of dilution (N-125 to 
N-8000) was so great that it was found convenient to use two 
cells and construct a curve for the range over which each was 
employed. The curves include the correction for the influence of 
water, since water of the same character and conductivity was em-- 
ployed in finding the values of 4 and in the subsequent experi- 
ments. This is of advantage because, when working with mineral 
acids and bases, it is doubtful whether subtracting the conductivity 
of the water gives correct results. Ostwald favors ignoring the 
effect of the water, since the impurity may be of such a nature as 
even to lower the conductivity.1. Kohlrausch,? on the other hand, 
remarks in discussing this plan: “So steht ein solches Verfahren 
volistandig in der Luft.” 


* Physico-Chemical Measurements, translated by Walker, p. 235. 
*Leit. d. Elek., p. 92. 
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The value of 4 for hydrochloric acid was determined from the 
table given below. The series of resistances was taken by re- 
peated dilutions of the solution in the cell by means of calibrated 
pipettes, the series being checked by repetition and by duplicating 
the more dilute solutions with those made directly from N-105.8. 


TABLE I.—SHOWING VALUES OF A FOR HypROCHLORIC ACID. 
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Calculating the constant of the formula from the resistance at 
the -highest dilution, we have c==% R==.5005 x 1606 ==loa4: 


which gives, as the formula, + == 19°33 — 2378K -, in which 
8g : : R-4 R-A (corrected for K)’ 


K equals capacity of cell based on the —_* unit of conductivity 
for electrolytes. 








Similarly the formula for sulphuric acid is found to be += nats 
the value of 4 being given below in Table II. 

For general use with cells of varrying capacities, it is convenient 
to prepare a table with values of R and 4 reduced to fit a cell of 
capacity equal to 1. The value of R and A are then transposed to fit 
a cell of any capacity, K’, simply by multiplying them all by K’, since 
X— K’. The values for sulphuric acid for a cell of unit 


K 
capacity are given in the following table (conductivity of water 


Rae mT LORE LS 


TABLE II.—SHOWING VALUES OF A-FOR SULPHURIC ACID WITH CELL OF 
Unit Capaciry. 
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The values of A®° calculated for sulphuric and hydrochloric 
acids from the resistances given, after correcting for conductivity 
of water, agree within a fraction of a per ct. with those of Kohl- 
rausch! as corrected by the temperature coefficients of the two 
acids.” | 

Method for lactic and acetic acids— The method used in cal- 
culating the conductivity results obtaind with lactic and acetic acids 
into their acid equivalents was, like that employed for the mineral 
acids, a combination of approximate calculation and graphic cor- 
rection, the maxima of such corrections being 1.9 per ct. for acetic 
acid and 5 per ct. for lactic acid. 

The purely empirical but convenient method of approximate cal- 
culation was based on the following data: Representing the resist- 
ance of N-125 acid as R,,,, etc., it was found for lactic acid that R.,, 
Set50 Nis, While Roogg == 1.58 Riooo, intermediate ratios ranging 
between 1.50 and 1.58. The percentage increase caused by doubling 
the dilution is fairly constant, varying from 50 to 58. For acetic 
smomiien yatiation is» even less. Thus, R,.. ==,.1.44 R,,,° and 
See Tao RS Increasing by roo per ct. the dilution of any 
solution between N-125 and N-1ooo concentrations results in an 
increase of from 44 to 45 per ct. in the resistance. In general, the 
ratio between the percentage increase in dilution and the percent- 
age increase in resistance is nearly constant. This relation is ex- 
pressed by the following simple formula for use in calculation: 

(1) log x = log x, —c (log R— log R,) 

(2) = log x, —c (log k —log k,) 

These two forms allow one to calculate x from either resist- 
ance (1) or conductivity (2). The value of c is determined 

log + —log +, 


from either resistance or conductivities: c— rg ee Viera 
log k ,— log k, 





log +, — log +, 
log k — log k ¥ 
(=1 for N-1000. concentration); x,— concentration of the 
strongest solution to which the formula is applied (N-125 in 
present case) ; + ,—=concentration of most dilute solution to which 


inwwiichea == 7 10° ==-concentration sought 





*Leit. d. Elek., p. 60. 
* Ibid. p. 190. 
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formula is applied (N-2000 in present case); R, R, and R =the 
corresponding resistances, while k, ky and k, are the corresponding 
specific conductivities (most conveniently multiplied by 10° for use). 


The formula was derived as follows: Assuming the constancy of the 
ratio between the percentage increments in resistance R and in dilution 


, : dV dk 
(or equivalent volume), V, respectively, we have,—(1)—7-= ¢ R: 


Integrating, we have,—(2) In VY =clnR+const., in which const. =InV ,— 
clnR,. (3) InV=InV,+c (InR—InR,). Since = V-*, InV =—Inz, and 
(4) Iny=InX,—c (Ink —Ink,). 

ieee a “. Ink —InR,=Ink, —Ink. Substituting (Ink,—Ink) for (nk 


ic} 
—InR,) in 4, we have—(5) Inv=Inx,—c (Ink,—Ink). As all terms 
are logarithmic and require multiplication by the same modulus to 
change to Briggs’ logarithm, equations (4) and (5) hold without change 
for ordinary logarithms and constitute the formula already given. The de- 
termination of the constant of integration from values of ’, and R, renders 
the equation exact for a solution of *, concentration, while the determina- 
tion of c from values X,and Rk, render it exact for a solution of concentra- 
tion X,. This formula, with graphic correction, can be employed for mineral 
as well as organic electrolytes, tho not so simple as the one previously given. 


The following values were obtained for the two acids: 


+o OPE: R, Ry 
attic Ci tenes eae ee ec 8 0.5 2030K 11,610K 
PACOLIG AGIs poe ee a weet Be 8 0.5 66241< 28,870K 


K=capacity of cell. 
From these values, the constants of the two formulas were 


obtained : 


log x, c log Ry 
LACHOeACidic bomen renee tee .9031 . 1-592 “AL0640R eee 
ACCHCsACIE ONE sar eee ee .903I 1.882 4.4605 tlog K 


The formulas are exact for the concentrations selected as limits. 
(N-125 and N-2000) and approximate for intermediate points. 
The corrections having been determined at a few of these points, 
the remaining ones were graphically interpolated, plotting as ab- 
scissae values of x calculated by the formulas, and as ordinates, the 
corresponding corrections. These corrections, like those in the 
formula for mineral acids, include those due to the influence of 
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water. The conductivity of the latter, for all work with lactic and 
Seerie-acics.varied irom 1:2.</:10° to 1.7 10°. 


TABLE III.—SHOWING CORRECTIONS TO FORMULAS.FOR LACTIC AND 
ACETIc ACIDS. 
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NOOO) 5 2 af ogee RR oe near 1.000 1.042 1.016 —0.042 —0.016 
PAU 2 4.5 3G” ee ace eee 0.500 0.500 0.500 +0.000 +0.000 











The series of resistances, from which the formula constants and 
intermediate corrections were calculated in the case of these two 
acids, were taken in the usual manner by dilution in the cell, check- 
ing the results by duplicates of the higher dilutions made directly 
from the lowest, and by running duplicate series. 

The values found for the molecular conductivity of lactic acid, 
after making correction for the conductivity of the water, are 
considerably higher than those given by Ostwald.t. We are unable 
to account for this difference, since we observed all required pre- 
cautions, using Kahlbaum’s c. p. acid and preparing fresh N-10 
solutions with which to run duplicate series. 

In taking the resistance of lactic acid, it was found necessary 
to heat the electrodes, as recommended by Whetham,? changing 
the platinum black to gray, before we could obtain accurate 
readings. | 


re 


EXPERIMENTAL RESULTS. 

While the main purpose of our work was to study the action 
of dilute acids upon casein when no soluble compounds are formed, 
it became necessary to ascertain the conditions under which soluble 
compounds are formed, in order to avoid such solution. We shall, 
therefore, consider this phase of our work first. 


1Kohlrausch. Leit. d. Elek., p. 179. 
Phil. Trans. Roy. Soc. London, 1943343. 1900. 
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THE SOLUBILITY OF CASEIN IN DILUTE ACIDS. 


The ready solubility of casein in acids of N-10 or N-2o0 con- 
centration, especially hydrochloric acid, has been a familiar fact for 
a long time, but little has been done in studying the solubility of 
casein in acids much above N-1oo dilution. Our work shows that 
casein is appreciably dissolved at 25° C. by hydrochloric and lactic 
acids of N-1000 dilution, and by N-125 acetic acid. In all cases the 
solubility is markedly increased by increase of temperature. 

Evidence of solution can be furnished by the following observa- 
tions : 

(1) Viscosity of solution. After being treated with casein by 
the method described on p. 210, acids show marked viscosity. In 
the case of slight solution of casein, this is shown by the readiness 
with which foam is produced when the flask containing the filtrate 
is shaken, and also by the length of time the foam persists. The 
behavior of the foam is very different in amount and duration from 
that formed by agitating a solution of acid that contains no dis- 
solved proteid. In the case of more marked solution, viscosity is 
more readily noticed, and the liquid foams noticeably while being 
drawn through the filter; it also filters more slowly. In cases of 
very marked solution, filtration, even by suction through a thin 
asbestos mat, was difficult and the filtrate consisted largely of foam. 

(2) Behavior of solution on adding alkaliim The clear filtrate 
~on titration with N-100 NaOH becomes opalescent and varies from 
that to milky turbidity and even to the formation of a heavy curd- 
like precipitate, according to the amount of casein in solution. 
These phenomena appear before neutrality is reached and disappear 
before sufficient alkali is added to give a permanent color with 
phenolphthalein. In the case of precipitation, the readiness with 
which the precipitate dissolves varies with the rate at which the 
alkali is added. When the alkali is added slowly, the precipitate 
forms large flakes and these, once formed, redissolve quite slowly. 
On the other hand, if alkali is rapidly added in amount sufficient to 
redissolve any precipitate, the particles of casein, not having time 
to form large aggregations, redissolve almost instantly, so that only 
a transient, opaque milkiness is observed before redissolving takes 
place. 


Bisiin ee 
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(3) The xanthoproteic reaction— The presence of dissolved 
casein in the filtrate is readily shown by the xanthoproteic reaction. 
For the purpose of making our results comparable, this test was 
applied in the following manner: We boiled 10 cc. of the filtrate 
to be examined with 10 cc. of nitric acid (sp. gr. 1.42) and then 
added about 12.5 cc. (about 2 cc. in excess of neutrality) of a con- 
centrated solution of sodium hydroxide. A blank test was used 
for comparison in cases where the result of the reaction appeared 
in doubt. 

(4) Deviation between results by titration and conductivity 
methods.— When any casein dissolves, titration of the filtrate shows 
more acid than does the measurement of conductivity, because 
titration of the filtrate with alkali measures not only the acid not 
taken up by casein but also that combined with dissolved proteid, 
and, in addition, the acidity of the dissolved proteid itself, which 
in some cases may neutralize even more alkali than the free acid. 
On the other hand, the error caused in conductivity results by par- 
tial solution of proteid can, at most, amount to only a relatively 
small percentage, because the fixation of free hydrochloric acid, for 
instance, to form a soluble proteid compound, in which the light 
and rapidly moving Ht ion of hydrochloric acid is replaced by the 
enormously complex and sluggish proteid radicle, results in the 
loss of most of the conducting power of the acid. Thus, the ad- 
dition of sufficient egg albumin to combine with all the acid in 
N-20 HCl solution, forming soluble albumin hydrochloride, results 
in a decrease of 83 per ct. in the conductivity of the solution.' 
Similarly the combination of hydrochloric acid with globulin results 
in a decrease of 76 per ct. in conductivity.2 When solution of 
casein in acid occurs, the soluble acid proteid has still, undoubtedly, 
a low conductivity of its own, as in the two cases just mentioned, 
and this will render somewhat too low the final results that are 
calculated on the assumption that the combined acid forms only 
a compound which is, like the insoluble one, entirely non-conduct- 
ing. The error will, however, be one of.a small percentage, par- 
ticularly when only a fraction of the casein dissolves and the greater 
part of the acid taken up goes to form the insoluble substance. 


*Sjoqvist. Skand. Archiv. Physiol. 5:344. 1895. 
*Hardy. Jour. Physiol., 33:273. 1905. 
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The titration results, on the other hand, as will be shown pres- 
ently, may indicate only a small proportion of acid taken up, or 
even less than none. We made determinations of acid in the fil- 
trates obtained from mixtures of casein and acid in numerous ex- 
periments in which we used concentrations varying from N-125 
to N-500 HCl, employing both the titration and conductivity 
meshods as checks upon each other. We found that whenever the 
filtrate gave a pronounced proteid reaction, the titration results fell 
below the conductivity results and that the more pronounced the 
proteid reaction, the greater was the difference between the two 
sets of results. 

In some cases, when the decrease in conductivity showed that 
a large part of the hydrochloric acid had been removed from solu- 
tion or combined with casein in a soluble form, titration with alkali 
showed that the filtrate had actually a greater acidity than could be 
accounted for by the total amount of acid originally used in the 
experiment. The titration caused a voluminous precipitate and the 
filtrate showed an intense xanthoproteic reaction in such cases. 
The increased acidity was due to the acidity of the dissolved proteid 
itself, 

There are, then, two reasons why the determinations of acidity 
by titration and by conductivity do not give concordant results 
when the solution contains dissolved proteid, the titration results 
being. in error. First, the dissolved casein-acid compound decom- 
poses at once in the presence of alkali, freeing the acid previously 
combined. Second, the dissolved proteid also combines with and 
neutralizes part of the alkali. The acidity of the filtrate, instead 
of representing only the amount of acid not taken up by the casein, 
equals the acid not so taken up, plus the acid that has combined 
with casein to form a soluble casein-acid compound, plus the acidity 
of the dissolved proteid. Experiment shows that the solution of 
a gram of casein in a given volume of acid increases by about 
8% cc. the volume of N-10 NaOH required to neutralize the acid. 
This also is the amount of alkali required to dissolve and neutralize 
to phenolphthalein one gram of free casein. The acidity of the 
casein itself appears to be unchanged by solution in dilute acid, 
whether or not the nature of the casein complex is changed. 


New York AcricutturaL Experiment SratioN. 32¢ 


Effect of temperature upon solution of proteid, and of solution 
upon titration results— The set of experiments described below 
shows clearly the effect of temperature upon the rate of solution 
and also the effect of solution upon the accuracy of the titration 
method as used by Van Slyke and Hart, Laxa, Leo and others. 
The experiments were performed in the manner already described 
(p. 210). Flasks containing casein and hydrochloric acid were kept 
at 0°, 25° and 45° C. in constant-temperature baths; they were 
shaken at intervals. The titrations were made in duplicate, agree- 
ment being within o.1 cc. of N-100 alkali in all cases. The expres- 
sion, “acid fixed by casein,” used below in Table IV indicates acid 
taken from the state of solution as free hydrochloric acid, whether 
the union with casein be physical or chemical or both in part, as 
is probably the case when partial solution of casein occurs. We 
used 100 cc. of N-125 HCl for 1 gram of casein. The concentration 
of the acid used was 7.905 instead of 8, because the factor of the 
stock solution was a little less than unity. The weights of casein 
represent water-free casein, correction being made for the amount 
of moisture present, which was generally 3 to 4 per ct., this plan 
being adopted in all our work. 

In the table below, the results are arranged to show,— 

(1) Effect of temperature on the rate of solution of casein in 
acid (columns Io and IT). 

(2) Effect of solution on accuracy of titration results (compare 
columns 6 and 9 with reference to 10 and I1). 

(3) Effect of solution on amount of hydrochloric acid fixed by 
casein (compare 5 hour figures for 0°, 25°, and 45°, column 6, 
with reference to Io and II). 
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Fic. 6.—Action of * HCl on casein. Showing abnormally low titration 


results at 25° and 45° C. caused by solution of casein. 
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Explanation of Fig. 6.— The results given in Table IV are ex- 
pressed in the form of curves in Fig. 6, in which the curves marked 
“Cond.” and having points marked “ x ” express results obtained 
by the conductivity method, while the curves marked “ Titr.” and 
having points marked “o” express results obtained by the titration 
method. 

The numbers associated with the points x and 0 express approxi- 
mate degrees of solution of casein by acid, as indicated below: 


No. Appearance Color Mgs. casein in 
denoting of filtrate on produced by 10cc. of test 
degree of addition xanthoproteic solution corre- 
solution. of alkali. reaction. sponding to color. 
Oe clear none Oo to 0.5 
oy slightly opalescent slightly yellow 0.6 to 09 
aes moderately opalescent moderately yellow 1.0 to 3.0 
othe turbid, milky deep yellow 4.0 to 6.0 
Avs Opaque, some precip. orange 7.0 to 10.0 
nee heavy precip. dark orange 10.0 or more 
5+.. heavy precip. dark orange larger amounts 


The figures in the last column were obtained in the following 
manner: We dissolved 0.5 gram of casein in nitric acid and diluted 
to 500 cc., each cc. containing I mg. of proteid. Different amounts 
of this solution were diluted to 10 cc. each and tested by the xantho- 
proteic reaction. The same system of numbers will be uniformly 
employed hereafter to express approximate degree of solution. 

In Fig. 6 it will be seen that at o° C. there is comparatively 
slight solution of casein and the results obtained by the two 
methods, conductivity and titration, coincide. At 25° C., solution 
becomes marked and the abnormally low curve after the first five 
minutes furnished by titration results is strikingly apparent. At 
45° C., the effect of solution is still more evident. In 15 minutes 
the amount of dissolved casein makes the acidity of the filtrate 
actually greater than that of the original N-125 acid used. 

The results embodied in Table IV and in Fig. 6 are summarized 
as follows: 

(1) Casein takes up hydrochloric acid from solution. At 0° C., 
I gram of casein takes up from I00 cc. of N-125 HCl, without 
appreciable solution, the acid in about 50 cc., which is equivalent to 
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4 cc. N-1o acid, an amount about eight times that found by Van 
Slyke and Hart (Bulletin No. 261, p. 21). 

(2) The formation of a soluble substance from casein by the 
action of acid is effected when there is an increase in temperature 
or in the time of contact between the acid and casein. For conven- 
ience, we may term this soluble substance soluble acid-casein, without 
considering the question as to whether it is a salt of casein or a 
proteolytic product. 

(3) More casein goes into solution in 5 minutes at 45° C. than 
Hes uours at of C. - 

(4) The soluble substance appears to be a compound of casein 
and acid. This is indicated by the fact that there is a decrease in 
the conductivity of the acid simultaneous with the formation of 
the soluble acid-casein. The decrease is so marked that there is 
no doubt that the formation of the soluble compound is accompanied 
by fixation of hydrochloric acid. Doubtless the soluble acid-casein 
has appreciable conductivity of its own, as already mentioned in 
the case of other proteids, so that even the conductivity results for 
the amount of acid fixed are somewhat too low. 

(5) The method of determining by titration with alkali the 
amount of acid remaining unaffected by treatment with casein is 
thoroughly unreliable in the presence of soluble acid-casein. 

In connection with the data here presented, it would seem that 
the results of the experiments above described ought to emphasize 
the fact that caution should be used in the determination of free 
acid by titration in liquids, such, for example, as gastric juice, 
which have been in contact with proteids. Simon? gives titration 
with sodium hydroxide, using phenolphthalein for indicator, as the 
method for estimating the acidity of the gastric contents; and he 
also states that the acidity is increased by the ingestion of albumin- 
ous food. This would naturally be found so by the titration method, 
because the proteid in solution would neutralize part of the alkali 
used in titration and thus increase the amount required. 

Effect of temperature and concentration upon the rate at which 
acids dissolve casein.— We present below in Tables V, VI and VII 
results indicating the effect of temperature and concentration of 





* Physiological Chemistry, p. 128. 1904. 


230 REPORT OF THE CHEMIST OF THE 


acid upon the rate at which acids convert casein into solution. The 
acids used in our study are hydrochloric, lactic, sulphuric and 
acetic; the temperatures, 0°, 25° and 45° C.; and the concentra- 
tions, N-125, N-500, N-1000 and N-2000. The numbers in the 
tables indicate degrees of solution, as explained on p. 228 in con- 
nection with Fig. 6. The figures on the left in each column ex- 
press degrees of solution, as shown by the appearance of the filtrate 
when treated with sodium hydroxide; those at the right indicate the 
results of tne xanthoproteic test. 


22% 
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Taste VII.— SHowING EFFECT OF TEMPERATURE AND CONCENTRATION UPON 
RATE OF SOLUTION OF CASEIN BY SULPHURIC AND AcETIc ACIDS. 


(Figures show results of xanthoproteic test only.) 




















TIME SULPHURIC ACID. ACETIC ACID. 
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CONTACT. |/ 7195) | N-500 N-1000 N-125 N-500 N-1000 
5 25°C | O°C | 25°C | O°C | 25°C || OPC | 25°C | OPC | 25°C | OPC | 25°C 
PS eeriitiees 5 beer eee) sae ieee BOF On eal! PSO CTE Cee Sia aa aes 
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The results embodied in Tables V, VI, VII are summarized 
as follows: 

(1) Comparing hydrochloric and lactic acids, it is seen that these 
two acids have about the same solvent power at 0° C. with the 
higher dilutions, but with N-125 acid the solvent power of the 
lactic acid is somewhat greater. Increase of temperature increases 
the solvent effect of lactic acid less than that of hydrochloric. 

(2) Sulphuric acid dissolves casein more slowly than does hydro- 
chloric acid of the same strength and at the same temperatures. 

(3) Acetic acid is distinguished for its comparatively slight sol- 
vent action on casein at ordinary temperature. This fact is of 
interest in connection with the method of separating casein from 
milk by precipitation with acetic acid, the method in general use. 
Its use involves a more complete separation under uniform condi- 
tions, and with less solvent action, than can be attained by use of the 
other acids studied. 

(4) In order to study the effect of the acids under consideration 
upon casein without dissolving appreciable amounts of casein, it is 
necessary to use acid solutions as dilute as N-500 to N-2000 and at 
temperatures not above 25° C. 

Action of neutral salts upon the solubility of casein—In order 
to test the effect of replacing the H+ ion, casein was treated at 
room temperature with N-125 MgSO, and with N-s50 KCl, the 
same method of treatment being used as with the acids. Even 
after constant agitation of casein with magnesium sulphate for 
6 hours and with potassium chloride for 28 hours, we were unable 
to obtain any evidence of soltition of casein. 
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The solvent power of the dilute solutions, at least of hydro- 
chloric and sulphuric acids, appears, “herefore, to depend upon 
the presence of H* ions. However, since the solvent power of 
lactic acid is comparable with that of the mineral acids, it sug- 
gests that, other conditions being uniform, the concentration of the 
H* ions is not the only factor. As bearing on this point, there is 
desirable a quantitative test of the solubilities of casein in acids of 
variable dissociating powers. 

The following figures represent the percentage of dissociation 
and, according to the dissociation theory, the relative concentration 
of the H* ions in solutions of the four acids of the concentrations 
used : 


Percentage of dissociation. 








Equivalent — ——— 

volume. Hydro- 
chloric. Sulphuric. Lactic. Acetic. 
LES os ee igs AS On a 100 82 ee fulgnd 
SUD, Cape ES ere ae Ne Ppa ae TOO 95 22.7 Ort 
NOES ao AR Ce cue aoe eran Caer arena 100 98 20, 7a Lome 


The figures for hydrochloric and sulphuric acids are according 
to Jones and Douglas; those for lactic and acetic acids, from 
Ostwald.” 

The results presented in Tables V, VI and VII show that hydro- 
chloric acid- has stronger solvent power than sulphuric acid and that 
lactic is stronger than acetic, results which are in general accord 
with the dissociation figures preceding, so far as the two mineral 
and the two organic acids, taken separately, compare with each 
other ; but the dissolving power of the two organic acids, compared 
with that of the mineral acids, is entirely out of proportion to the 
relative dissociating powers of the former. Apparently the anions 
of the organic acids as well as the H* ions influence the solvent 
power. This solvent effect of the organic ions is also shown by 
Robertson’s® results. While he found that N-10 solutions of the 
chloride, sulphate and nitrate of sodium did not dissolve casein 
appreciably, the acetate, propionate, butyrate and valerate all 
showed marked solvent action. 


* Amer. Chem. Jour., 26:434. 1901. 
* Ztschr. Phys. Chem., 3:174 and 191. 1880. 
sJour. Biol. Chem, 2:35>. 
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The solution of casein in dilute acids may be the result of the 
formation of a soluble casein-acid salt, similar to an amido salt, or 
it may be the result of the decomposition of the casein molecule, 
part of which is split off and gives the reaction for proteid in solu- 
tion. In the latter case, we should expect some change in the prop- 
erties of the undissolved portion, and this is found to be true. An 
attempt was made to determine the percentage of casein dissolved 
at 25° C. by N-125 HCl in 3 hours; the undissolved casein was 
collected in a Gooch crucible, washed, and dried at 100° C. At the 
time of filtration the undissolved residue presented a swollen, gela- 
tinous appearance and, when placed in the steam oven to dry, it 
melted completely, running through the perforated bottom of the 
crucible. The dried mass looked like dried albumin. The experi- 
ment was repeated with the same result. Casein itself can be heated 
to 120° C. or higher without visible change, and casein that has 
taken up acid without any solution of the proteid does not appear 
either to swell or gelatinize, and it can be dried in a steam oven 
without difficulty. When a part of the casein goes into solution, 
the undissolved residue appears to undergo some profound change 
in its properties, and this fact suggests the possibility of molecular 
decomposition. The scope of our work did not permit us for the 
time being to carry further our study into details of this interesting 
change. 


THE ACTION OF HYDROCHLORIC ACID UPON CASEIN WITHOUT 
SOLUTION. 


In the foregoing pages we have studied the conditions under 
which casein goes into partial solution when treated with dilute 
acids, and also those under which such solution may be avoided. 
Working under the latter conditions as completely as possible, we 
now purpose to ascerta.n to what extent and under what conditions 
casein takes up acid from dilute solutions when no casein dissolves. 
It has already been shown by both titration and conductivity 
methods (Fig. 6, p. 227, curve for o° C.) that when a gram of 
casein is shaken with 100 cc. of N-125 HCl at 0° C., about one-half 
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of the acid is removed from solution before appreciable solution 
of casein occurs. The fact that the acid is thus taken up to form 
an insoluble substance with casein being shown, the question 
remains: Is the taking up of acid by casein a chemical reaction and 
is the resulting insoluble casein-acid substance a definite chemical 
compound, or is the process one of adsorption? The results which 
follow appear to indicate that the behavior of the reaction places it 
in the class of adsorption reactions, of which the adsorption of dyes 
and dilute acids by silk forms a parallel example.t. Our results 
point to the following general conclusions: 

(1st) Contrary to the former belief of Van Slyke and Hart, 
there is no definite insoluble chemical compound formed; but the 
amount of acid taken up by casein varies, temperature remaining 
constant, in proportion to the concentration of the acid in the 
surrounding solution. The ratio found by dividing the amount 
of acid taken up by 1 gram of casein by the amount of acid in 
I cc. of the surrounding solution is a constant under uniform condi- 
tions and can be established either by acid-casein giving up acid 
to surrounding water, or vice versa, the acid going either way 
according to the initial concentration. 

(2d) The variation in the amount of acid taken up by casein 
does not appear to be due to the hydrolysis of a casein-acid salt 
but rather appears to occur in accordance with the behavior of 
adsorption reactions, as will be pointed out in later discussion. 

In carrying on our study, it was important to employ conditions 
under which the reaction reaches equilibrium without solvent action 
on the casein. We found it necessary to use acids not stronger than 
N-125 and to carry on the experiments at 0° C. in order to avoid 
solution before the casein had taken up all the acid it could. Even 
under these conditions, long standing in contact with acids usually 
resulted in perceptible solution of casein, but to a degree so slight 
that it did not appear to affect the results, except possibly in the 
case of the 24-hour periods with N-125 acid. 


*Schmidt. Zischr. Phys. Chem., 15:56. 1804. 
Walker and Appleyard. Jour. Chem. Soc. [London], Trans., 69:1334. 
1806. 


2360 ‘REPORT OF THE CHEMIST OF THE 


In the tables following, the concentration of acid in the solutions 
is given in terms expressing the number of cc. of N-1000 acid 
equivalent to I cc. of solution used. The concentration of acid in 
the casein is given in terms expressing the number of cc. of N-1000 
taken up by I gram of casein. 

In the third column, the figure representing the amount of 
N-1000 acid in I cc. of solution given for zero time indicates the 
exact concentration of the acid used in the series, as determined by 
measurement of its conductivity. This value generally differs 
slightly from the figures corresponding to the normality given in 
the first column, because the stock solutions usually possessed 
factors varying somewhat from unity. 

In the fourth column (concentration of acid in casein), the 
amount of acid taken up by I gram of casein in each case is calcu- 
lated from the difference between the original concentration of the 
aqueous solution of acid and its concentration after contact with 
‘casein for the time stated, as in Table IV. The calculation is based 


DXxV 


'_, in which C represents the concentra- 





upon the formula C= 


tion of acid in casein; Bae decrease in concentration of acid in 
aqueous solution caused by contact with casein; V, the volume of 
the solution; and g, grams of casein used. 

In the sixth column, the figures express the ratio of the amount 
of acid in I gram of casein to the amount of acid in 1 cc. of the sur- 
rounding solution at the end of the period during which the acid 
and casein were in contact. 
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Tarte VIII.— SHowrnc Amounts or HyprocHtoric Acip TAKEN UP AT 0O°C. 
BY CASEIN IN CONTACT WITH SOLUTIONS OF VARYING 
CONCENTRATION. 


eee —— ee 























Concentra-| Concentra- : 
PROPORTIONS tion of tion of Behe caae eee Ore Degree 
AND Duration acid in acid in rae a 1 a eacain f 
ArproxIMateE | of contact water casein : a - to cone’n | Solution 
NORMALITY (ee eet! (ce, N-1000 leon hs Peres of 
or Acip USED. acid in’ 1 ce.\acid in 1 gm. ° casein. 
solution). casein). by casein. BiAter, . 
N-2400 0 .4168 0 0 6) ee! Sa ee 
200 cc. 3 hrs . 2848 26.4 | lea 927. 0 
for 1 gram 6 hrs . 2683 29.7 35.6 110.6 0 
of casein 12 hrs 0.2400 35.4 42.4 147.7 0) 
24 hrs . 2406 Sone 42.3 146.4 0 
N-1000 0 .9986 0 Osos Se OTe Ser lb ee te 
200 cc. 15 min. 8221 35.3 Wied, 42.9 0 
for 45 min .8172 36.3 1822 44.4 (9) 
1 gram 14 hrs . 1565 48.4 24.2 64.4 0 
of 3 brs .6631 67.1 33.6 101.3 0 
casein 6 hrs -6313 73.4 36.7 116.2 0 
10 hrs .6112 Ciao 38.8 13133 1 
24 hrs .5915 81.4 40.7 142.8 1 
N-500 0 1.986 0 0 Ohl Etat 
200 cc. 15 min. 1.670 63.2 15.9 37.8 0 
for 45 min. 1.570 83.2 21.0 53.0 (0) 
1 gram 1% hrs 1.453 106.6 26.8 jose 0 
of 3 hrs 1.383 120.6 32.0 93.9 1 
casein 6 hrs. 1.182 160.8 40.6 136.2 1 
10 hrs. rel76 162.4 40.9 138.0 2 
24 hrs. 1.142 168.8 42.5 147.5 3 
N-125 0 7.905 0 0 Ode RR ete ee 2 
15 min. 5.331 257.4 32.6 48.2 0 
100 cc. 45 min 4.253 365.2 46.2 85.8 0 
ae 14 hrs 4.050 385.5 48.8 95.1 2 
2 5 hrs 3.744 416.1 52.6 1119 2 
1 gram — a a a | ee 
of 0 *7 993 0 (0) (0) eres 
” 12 hrs 3.306 468.7 58.6 141.8 3 
casein od hive rauice Virges { 60.1 { 150.8 4 
i 3.195 479.8 60.0 150.2 4 














The following statements summarize the results presented in 
Table VIII: 

(1) At o° C. casein takes up increasing amounts of acid for 
about 24 hours, when equilibrium appears to be practically estab- 
lished, as is shown by the fact that the curves in Fig. 7 approach 
a horizontal position when the abscissae denote that length of con- 
tact between acid and casein. 

(2) The final amount of acid taken up by 1 gram of casein 
varies in proportion to the concentration of the surrounding acid 
solution, as is shown by the 24-hour results in the fourth column. 
With the range of concentrations of hydrochloric acid employed, 

* Acid of 7.993 concentration was used for last two experiments of the N-125 series. 


The percentage of acid taken up from the N-125 solution is greater because only 100cc. 
of solution were used. The ratio reached (column 6) is about the same. 
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concentrations. Showing rate of reaction, dependence of final amount of 
acid taken up upon the concentration used and absence of definite combining 
proportions, 


nN 
98 
+") 
° 


New York AGRICULTURAL EXPERIMENT STATION. 239 


the final amount of acid taken up by 1 gram of casein varies from 
the equivalent of 35.36 to 480.3 cc. N-1000 HCl, which amounts 
were taken up by casein in contact with solutions of acid whose 
final concentrations were 0.2400 and 3.192 respectively. 

(3) If we divide the amount of acid contained in 1 gram of 
casein by the amount of acid contained in 1 cc. of the surrounding 
solution at equilibrium, we obtain a ratio, about 147, which is 
approximately constant, as shown in the sixth column. The lower 
value, 142.8, obtained with N-1000 acid is probably due to incom- 
plete attainment of equilibrium. The slightly higher result in the 
case of N-125 acid is to be expected, since appreciable solution of 
proteid occurs. 

(4) The acid, however small the amount used, was in no case 
completely taken up by casein, but the ratio of acid in casein 
to acid in surrounding solution approaches an equilibrium constant, 
about 147. 

The results given in the fourth column of Table VIII are 
expressed in F ig. 7 in the form of curves, which illustrate the fact 
that the process by which casein takes up acid does not follow the 
law of definite combining proportions, and that the amount of acid 
fixed by a gram of casein in the presence of an excess of acid is 
not constant, but increases with increasing concentration of acid. 

Amount of acid taken up by casein dependent upon the concen- 
tration of acid present—RIn order to illustrate more fully the fact 
that the amount of acid taken up by I gram of casein is dependent, 
not upon the absolute amount of acid present, but upon the con- 
centration, we give the data embodied in Table IX. The three 
series of experiments were carried on at different times and for 
different purposes, which accounts for the lack of uniformity in the 
time intervals used. It will be noticed that, while the initial con- 
centration of the acid in the third series is twice that of the others, 
the final concentrations are fairly comparable in all three cases, which 
is due to the larger relative proportion of casein used in the third 
series. The mixtures were shaken constantly for the periods indi- 
cated and kept at 25° C, 
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TABLE I[X.— SHOWING RELATION oF AMOUNTS OF HyprocHLoric AcIp FIXED 
BY CASEIN TO CONCENTRATION OF AcID, 25°C. 


_——— 


















































Proportion in saree aha ei Percentage Ratio of D 
and : Sone ere of acid in | conc’n acid ere 
ec Duration of acid in of acid in cit : ; f 
approximate f : original in casein luti 
normality oO water casein aathiindg to solution 
Atiacid contact. |(=ce. N-1000 (=ce. N-1000 taken un 4 cone amend of 
eee acid in Icc. jacid in 1 gm. Ie pacnia nina t ae casein. 
2 solution). casein). y : ; 
Series 1 0 4085 0 0 OQ}! * || Sa aee 
N-2000 30 min. .4597 Soe 7.8 69.9 0 
828 cc. for hte 4550 36.0 8.7 T9341 0 
1 gram of 2 hrs. .4507 39.7 9.6 87.8 0 
casein 4 hrs. .4476 42.1 Oe 94.1 0 
Series 2 0 .4985 0 0 QO." Syl eee 
N-2000 ih) lake: 4156 Sou 16.6 79.8 0 
400 ce. 24 hrs. .4064 36.8 18.5 90.6 0 
for 1 gram pemorss .4050 37.4 18.8 92.4 0 
of casein acSs 4011 39.0 19.5 97.1 0 
Series 3 0 .9970 0 Of 9 0 a ae eee 
N-1000 15 min. .5556 44.1 44.3 79.4 0 
100 cc.- 50 min. 15300 46.4 46.5 87.0 0 
for 1 gram 14 hrs. .5181 47.9 48.0 92.4 0 
of casein 3 brs. . 5066 49.0 49.2 96.8 0 





The results embodied in the preceding table are also shown in 
Fig. 8 in the form of curves A and B. It is noticeable that the. 
initial rate at which acid is taken from N-1000 solution is greater 
than from N-2000, as would be expected, but the two curves ap- 
proach nearly the asymptote. The points (XX and °) for the two 
N-2000 solutions lie on the same curve A. 

Extraction of hydrochloric acid taken up by casein.— The re- 
action by which casein fixes acid is reversible. By treating with 
pure water casein that has taken up acid, part of the acid passes 
from the casein back into the surrounding water. | 

The method of performing the experiment was as follows: In 
weighed Jena flasks were placed 1-gram portions of casein and 100 
cc. portions of N-500 HCl. The mixtures were shaken continuously 
for 30 minutes, in order to allow the casein to take up acid under 
conditions not permitting appreciable amounts of casein to go into 
solution. The mixtures were then allowed to settle for about 5 
minutes and the supernatant liquid decanted as completely as possi- 
ble through weighed Gooch crucibles, into which the decantation 
usually carried 10 to 20 milligrams of casein. The filtrate (1) 
was kept for examination. The crucibles were dried and weighed 
in order to find out how much casein had escaped from the flask 
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Concentration HCL in Case 


7 2 3 4 S~ G 7 
Hours Contact} ———> 


Fic. 8.—Showing relation (curves A and B) of amounts of acid fixed 
at 25° to the concentration of acid in surrounding solution. Curve C 
shows rate of extraction of acid from casein that had taken up acid, and 
attainment of practically same equilibrium as when casein takes acid from 
solution (curves A and B). See tables IX, X, XI, 
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during decantation. The flasks with contents were weighed after 
decantation in order to find how much free acid solution adhered 
tc the casein particles and the walls of the flasks; the amount 
varied from 2 to 4 cc. To the casein left in each flask there were 
then added ivo cc. portions of pure water, and the mixtures were 
shaken for the different periods of time, one minute to five hours, 
as indicated in Table XI, column J. They were then filtered again 
(filtrate 2). The amount of acid in each filtrate was determined 
by conductivity measurements. From the first filtrate were obtained 
the data necessary to determine how much acid had been taken 
up by the casein to form the insoluble acid-casein, when shaken 30 
minutes with acid. From the second filtrate were obtained the 
data required to determine the amount of acid extracted from the 
insoluble acid-casein by treatment with pure water for the different 
periods of time given. The results were corrected for the amount 
of casein that escaped by decantation and also for the amount of 
free acid that remained adhering to the casein and the flask at 
the first filtration. The detailed results of the work are given 


below in Tables X and XI. 


e 
TABLE X.— SHOWING AMmouNTS oF AcID TAKEN UP By CASEIN, WITH CORREC- 
TION FAcTors. 





























A B c D Ey. | F G H 
PM HH RCE oP bee wy hed ey MEY tH : os 
gS2 bow? | 3 Gm» | seed) SP | won 
et Oe ea l= as eRe B > > 3g Ou 4 5% 
os MS) = no salt! ba Oo St a3 a bd 
L No. or Expsri- [BEZ~ |3o4, MO) ge | eo |Se8a|] 820 | Sem 
MENT. 8.8 2e1 8" “aa Gab oeS LT ats 2 aoe 
q . fo} . cr on —_ ‘— 
BEPSs|SeRees| B23 | 22a |“22s) gus | 288 
salad gal aoc sou aon gos ga gate 
oO oO 6) Oo oO oO oO 
Ocand itera ee 956* 102.6 .0164 .9836 100.9 3.55 ae) 
7 TERPS SRT C .959 102.3 .0074 .9926 IOI.5 3.44 3.30 
Se ae ee ete eee .964 101.8 .0165 .9835 100.1 3.38 3.26 
NF oie PaMerehe latte bral ae 971 101.0 .0100 .9900 100.1 4.81 4.67 
Hae aot bs a rin te teeta es .958 102.4 .0080 .9920 101.6 3.24 oLLo 
OPA eran aera 955 102.7 cae .9857 101.2 3.5% 342 
43 ote. ° 














* The concentration of the acid used was 1.982 before contact with casein. 
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Taste XI.— SHOWING RESULTS oF EXTRACTION OF AcID FROM AciIp CASEIN 
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Beu8 | §udsd ork hot Gus tal od esol 
eos Sigg 35 nas an rin O75 he 235 8° ie 
ZHae Face | Ra gee ga ga wets ig CO oe 
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srs Gee a ae ee 07 (.0327) 3.39 fe) 100.9 102.6 3130.0 
1 Suis ey a ae 1 min. 4594 47.58 44.19 56.9 57.8 126.0 
PS i yp ae 5 min. .5057 | 52.28 | 48.98 52.5 52.9 104.0 
A an ee eae 15 min. -5170 | 53.46.| 50.30 49-9 50.7 98.1 
cs 5 oP We SE ae eee Lr, 5243 54.94 50.27 49.8 50.3 95-9 
DG Seo coe 2 hrs. 5232 54.12 50.93 50.7 Bland 97.8 
Gear ee tek a 5 hrs. .5139 53.22 49.80 51.4 52.2 IoI.5 























The following statements summarize the results embodied in 
Tables X and XI: 

(1) When casein that has taken up acid is treated with water, 
it begins to lose acid rapidly to the surrounding water, and in I 
minute, under the conditions of the experiment, nearly one-half of 
the acid contained in the casein is extracted. 

(2) The acid continues.to pass from the casein into the water 
until a certain ratio is reached between the concentration of acid 
in the casein and the concentration of acid in the surrounding water, 
when equilibrium is established. The ratio is practically the same 
as the one found by treating casein with acid until equilibrium is 
established, the final conditions of temperature, concentration and 
proportions being equal. Compare values of ratios in column P, 
Table XI, with those of Table [IX for three or more hours. 

(3) It makes no difference whether all the acid is in the casein 
or in the water at the start; it divides itself between the two in a 
ratio which, for constant conditions, is constant. 

(4) For illustration and comparison, we can use the results 
embodied in Table IX, Series 3, in which the final conditions of 
temperature, concentration and proportions are nearly the same as 
in the case of the results presented in Table XI. In both cases the 
ratio of concentration of acid in casein to that in water, when 
reached under similar conditions, is practically the same (that is, 
about 97) at the time equilibrium is established. The comparison is 
quite strikingly shown by the curves of Fig. 8, B representing the 


244 REPORT OF THE CHEMIST OF THE 


result of treating pure casein with acid, and C representing the 
result of treating with water casein that had taken up acid, 

It will be noticed that the ratio tabulated in column P, Table XI, 
reaches a minimum in one hour and then gradually increases. This 
increase is probably due to the formation of traces of dissolved 
casein, which, like acid globulin and albumin, as already mentioned, 
is doubtless a relatively weak conductor. The fixation of a very 
small amount of free acid in the form ot soluble acid-casein would 
cause a noticeable decrease in the conductivity of a solution so 
dilute. In the second filtrate of No. 6, the xanthoproteic reaction 
showed traces of dissolved proteid. 

Effect of temperature upon the action of casein in taking up 
hydrochloric acid.—The effect of increase of temperature is shown 
by a comparison of the data contained in Tables XII and XIII 
following, with those in Tables VIII and IX. The time of contact 
in the experiments was not extended beyond 6 hours in most cases, 
because the casein undergoes marked solution when contact is pro- 
longed at higher temperatures (25° and 45° C.) even in the case of 
very dilute acid. The agitation was performed by hand at intervals 
and was as nearly uniform as possible in all cases, except that with 
N-2000 acid at 25° C. the flasks were constantly in motion on the 
shaker. 


TABLE XII.—SHowING AMOUNTS OF HyprocHLorIc AcID TAKEN UP BY 
CASEIN AT 25°C. 








| Concentra- | Concentra- 






































Spada Shae ean paces, td Ratio oe 7 
an A eae ave of acid in | conc’n aci egree 
Berea Salers Pea on we tean eat a thatan in casein a 
normality x 2s ee ie solution to solution 
of acid contact. Sere 4) ge eo eae taken up conc’n acid |of casein. 
used. Bolution) tela eackiate by casein. in water. 
N-2000 See Table| IX. 
N-1000 0 .9766 0 0 0-450) 25 OR 
200 cc. 15 min: .7330 48.7 25.0 66.5 0 
for 1 gram 45 min. .6971 55.9 Pein Tf 80.2 0 
of 14 hrs. .6735 60.6 Shoal 90.0 0 
casein ay) jaback .6594 63 .4 32.5 96.0 0 
6 hrs. .6368 67.9 34.8 106.7 1 
N-500 0 1.984 0 0 0 esa ae 
200 cc. 15 min. 1.569 83 .0 20.9 52.9 0 
for 1 gram 45 min. WasRy 130.4 32.8 97.8 0 
of casein 1% hrs. L251 140.6 35.4 109.7 1 
3. hrs 1.262 144.4 36.4 114.4 1 
6 hrs 1.247 147.4 sayfa 118.2 2 
N-125 0 7.907 0 0 00. eee 
100 ce. 5 min. 4.079 382.8 48.4 93.9 1 
for 1 gram 15° min, 3.901 400.6 | "50.6 LOZST 2 
of casein 45 min. 3. OBL | 424.6 | 53.7 116.0 3 
24 hrs. 3.509 439.8 55.6 125.4 4 
iD Suhirsy 3.305 460.2 | yoda 139.3 i 
oe OoOoeooeoe=Seeeeeeeeeeeeeeeeeeee 
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TasLtE XIII—SuHowi1nc Amounts or H:procuitortic Acip TAKEN UP BY 
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The results embodied in Tables XII and XIII, including tem- 
perature results also in Tables VIII and IX, are expressed in the 


form of curves in Figs. 9, 10, I1, and 12. 


The numbers above 


different points in the curves indicate the degree of solution, as 
explained on p. 227 in connection with Fig. 6. An inspection of 
the tables and of Figs. 9-12 enables us to summarize the results 


as follows: 


*Figures in parentheses give results obtained by titration method and illustrate the effect 
of solution of proteid upon such results, as already shown (p. 223). 
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Fic. 9.—Effect of temperature on action of *_HCI on casein. Points 
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marked ° signify no solution of casein detected. 
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Fic. 10.—Effect of temperature on actionof “HCl on casein. The num- 
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bers 0, I, 2, etc., represent relative degrees of solution of casein. (See p. 228.) 
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p. 228.) 
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fic. 12—Effect of temperature on action of ao HCl on casein. The 


numbers 0, I, 2, etc., represent relative degrees of solution of casein. (See 


p. 228.) 
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(1) Increase of temperature increases the rate at which equi- 
librium is approached. Thus, 25° and 45° C. curves rise more 
rapidly than those for 0° C. 

(2) Increase of temperature increases the final amount of hydro- 
chloric acid that disappears as free acid, when there is marked solu- 
tion of casein due to the higher temperature, as shown by curves 
for 45° C. in Figs. 9-12 and for both 25° and 45° C. in Fig. a2: 
The soluble acid-casein apparently contains a larger proportion of 
hydrochloric acid than the undissolved casein, which would have 
the effect of raising the curve when the soluble form occurs. Our 
observation has been that solution of casein, whether resulting from 
increase of temperature, concentration of acid or length of contact 
with acid, is accompanied by fixation of more acid than is taken up 
when no solution occurs. 

(3) When rise in temperature does not result in solution of pro- 
teid, it apparently decreases the amount of acid fixed. This may 
be seen by comparing the value expressed in Fig. 8 (A and B), 
which indicates a value of 97 to 100 for the ratio of acid in casein 
to acid in water at equilibrium at 25° C., with the results in Table 
VIII, which indicate a value of 147 for the ratio at 0° C. The 
same conclusion is shown by comparing the 25° and 0° C. curves of 
Figs. 9, 10 and 11, which express results obtained with acids suff- 
ciently dillute to avoid very marked solution of proteid even at 25° 
C. The 25° curves rise more rapidly at first than do those for 0°, 
because the higher temperature increases the rate at which they 
approach equilibrium. They soon approach a horizontal position, 
however, and after 214 to 4 hours cross the 0° curves, evidently 
inclining toward lower equilibrium values. With N-125 acid, how- 
ever, the concentration is sufficient to dissolve decided amounts of 
proteid within a few hours at 25° C. Consequently, we should 
expect the 25° curve as well as that for 45° in Fig. 12 to be 
abnormally high, which is the case. 

It was our purpose to study the effect of temperature upon equi- 
librium under conditions such that solution of proteid would be 
more completely avoided than at the temperatures used in the ex- 
periments given above, using only the most dilute solutions, and — 
hastening equilibrium by constant agitation in order to produce 
more uniform conditions, which would show in more regular curves. 
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The time at our disposal for the work on casein, however, did not 
allow us to carry out these desired details, but the results obtained 
appear to be sufficiently decisive and uniform to justify the con- 
clusions drawn. 


ACTION OF SULPHURIC ACID UPON CASEIN WITHOUT SOLUTION. 


The study of sulphuric acid was similar to that of hydrochloric, 
except that the temperature effect was not investigated in the case 
of sulphuric, while somewhat more attention was paid to the 
reversible character of the reaction. Because of the slighter solvent 


action of sulphuric acid, the experiments should be performed at 


room temperature. 


stant in all experiments. 


Agitation of the reacting mixtures was con- 


Taste XIV.— SHow1nc Amounts oF SULPHURIC AcID TAKEN UP BY CASEIN 
FROM N-125 SoLuTIoN aT 25°C. 


(Proportions: 100 cc. of acid for 1 gram of casein. ) 





Concentra- Concentra- Percentage Ratio of D 
tion of acid | tion of acid of acid ie cone’n acid st 
: in water in casein origina in casein . 
Duration of contact. (=cc. N—1000 | (=cc. N—1000 solution to en ee 
acid in 1 ce: | acid in gm. taken up cone’2 acid ae 
solution). casein). by casein. in water, 1} Cos¢!4. 
O 8.000 0 0 OC SF ae ce oa 
5 min. 3.490 451.0 56.4 129.2 0) 
45 min. ZIO22 597.8 7437 295.6 2, 
3 hrs. 1.971 602.9 one 305.9 3° 
6 hrs. 1.958 604.2 10.2) 308.4 4 























TABLE X V.— SHOWING AMOUNTS OF SULPHURIC ACID TAKEN UP BY CASEIN 
FROM N-500 SOLUTION AT 25°C. 


(Proportions: 200 cc. acid for I gram of casein.) 














Concentra- Concentra- Percentage Ratio of D 
tion of acid | tion of acid of acid in cone’n acid “ih 
2 in water in casein original in casein lati 
Duration of contact. | (=e, N-1000 | (=cc. N-1000| solution to cage 
acid in 1 cc. | acid in 1 gm. taken up conc’n acid ne 
solution). casein). by casein. in water. rae. 
0 2.015 0 0 Oude Aieees eto ce 
15 min 0.515 300.0 74.4 582 0 
45 min 0.495 304.0 75.4 614 1 
3 hrs 0.493 304.4 75.5 618 1 
6 hrs 0.489 BODme LT, 624 2 
12 hrs 0.491 304.8 75.6 622 Zz 
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The data in Tables XIV and XV are summarized as follows: 

(1) Casein takes up sulphuric acid from dilute solutions more 
quickly than it does hydrochloric acid, the maximum amount of 
acid being taken up in little more than 45 minutes (Table XV) 
when solution of proteid does not set in. 

(2) The amount of sulphuric taken up by casein, the proportions 
of acid and casein being the same, is greater than in the case of 
hydrochloric acid. 

(3) The equilibrium ratio is not even approximately a constant, 
but increases rapidly with the dilution of acid employed. This 
behavior is in accord with that usually observed in adsorption. 

Extraction of sulphuric acid taken up by casein.—The work was 
carried out in detail in the manner described on p. 240. The 
essential results, properly corrected, are given without the details 
of correction in the table following: 


TABLE XVI.— SHow1InNG AMoUNTS OF SULPHURIC ACID EXTRACTED FROM 
CASEIN BY WATER. 








Ratio of 
Duration |Cc. N-—1000/Cc. N—1000} Cc. N-—1000 | Concen- |/conce’n acid 

Noon of contract} acid in acid acid tration | in casein, 

(a ele between | acid-casein| extracted left of to 

: acid-casein before from in acid in |conc’n acid 

and water. | extraction.|acid-casein. casein. water. in water. 

0 301.4 0 301.4 €.0175) CLiz— 220) 

eee oe eee 1 min. 301.4 SP aac] 268.5 .3291 816 
2 ae as ee Oe 15 min. 301.2 35.0 266.2 . 3489 764 
Dc neh ake ee 1 hr. 301.0 Sell 263.9 3747 704 
BNP Ae eee 24 hrs. BOle2 Sond 262.5 tote 695 
PSG cueeton Fee faces Habre. 299.6 37.4 262.2 .3704 708 




















As would be expected from the high value of the ratio of acid 
in casein to acid in water (Table XV), the results indicate that 
sulphuric acid is not so completely extracted from casein by water 
as is hydrochloric acid. About 80 per ct. of the acid that can be 
extracted, however, by one portion of water is extracted in one 
minute. After 5 hours of constant agitation with the same amount 
of water, only about 12 per ct. of the acid that had been taken up 
by the casein was removed, and 1 gram of casein then contained 
about 700 times as much acid as did each cc. of the surrounding 
solution. 
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Fic. 13—Upper curve (B) represents action of water in extracting sul- 
phuric acid from casein that had taken it up. (Table XVI.) Two lower 
curves represent action of casein in taking up acid from Ay and ne solutions. 
(Tables XIV, XV.) 
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The tenacity with which sulphuric acid is held by casein is inter- 
esting as explaning the difficulty which Hammarsten! found in try- 
ing to remove sulphuric acid from casein by rubbing in a mortar 
with successive portions of water. Van Slyke and Hart? found 
that it required 80 or 90 triturations with successive portions of 
fresh water to remove completely the sulphuric acid from casein. 
It also appears, from the readiness with which a given amount of 
water extracts the maximum amount of acid by simply shaking 
with the acid-casein, that a few minutes of agitation with each of a 
number of successive portions of pure water should remove the 
acid as well as trituration. 

From the varying levels approached by the curves of Fig. 13, 
it is apparent that the equilibrium ratio of acid in I gram casein 
to acid in I cc. water is, as already mentioned above, not a constant, 
even within the limits of concentration tested, but increases with 
the dilution. In order to follow the variation of the ratio, the fol- 
lowing experiment was performed: 

.4795 g. of casein was shaken for two and one-half hours with 
100 cc. of N-250 H, SO,. As indicated by Table XV and the curves, 
this time is sufficient for equilibrium to become practically complete, 
and not long enough to result in appreciable solution of proteid. The 
suspension was allowed to settle until the supernatant solution was 
perfectly clear, then 50 cc. of the latter drawn off with a pipette and 
replaced by an equal volume of conductivity water. The mixture 
was then shaken two hours and 50 cc. of the solution again replaced 
by conductivity water; and this process was repeated twice more. 
The 50 cc. portions drawn off were first tested for conductivity, 
then titrated with N-100 KOH. In no case was a precipitate noticed 
on titrating, and the titration results, considering the dilution of 
the solutions, agree throughout satisfactorily with those obtained 
by conductivity. Evidently no appreciable solution of proteid 


occurred. 


* Jahresber. Tier-Chem., 7:160. 1877. 
*N. Y. Agrl. Expt. Sta. Bull. No. 261, p. 14. 


New York AGRICULTURAL EXPERIMENT STATION. 255 


Taste XVII.— SHowinc Errect or CoNCENTRATION OF SuLtpHuRIC ACcID 
con. He SOs in casein 


Upon VALUE OF EourLisriuM Rat10o—————-—__—— 
2 con. He SOs in water. 











Ca eye ee Sb yates t=) Goq 
o 808s oe} o3o°" Pipa: 
sO paw o om ey 8-20 
8 oD, ga eeu o95 
asacs| sed | Bata.) 8 
No. DESCRIPTION. S° 8e5| 58:3 he heist aged feat FL RO, 
Sg d0.08 Sus Fudu'd ot ge 
Og fess O'g a O35 ioe =—oO6 8 
aacead, sas Facdo | Bae 
fe) fs) fe) 
oO oO oO ie 
1 | Acid as used in experiment......... 4.090 4.08 0 0 
2 | Acid after shaking 100 c.c. with .4795 
Bee CASEI gv. oy. «. gov shea hie’ se ts 1.547 1.60 509.4 329.4 
3 | Solution obtained by replacing 50 c.c. 
of No. 2 with water and shaking 
until equilibrium was restored.... 1.083 1.10 445.0 411.0 
4 | Solution obtained by replacing 50 c.c. 
of No. 3 with water and skaking 
until equilibrium was restored.... 0.828 0.82 385.4 465.5 
5 | Solution obtained by replacing 50 c.c. 
of No. 4 with water and shaking ‘ 
until equilibrium was restored.... 0.667 0.64 302.7 498.7 








It is evident that the value of the ratio varies inversely as 
the concentration of the acid; it increases with the dilution. 
This increase is similar to that observed in most cases of adsorp- 
tion phenomena and, moreover, occurs in accordance with the 

D 
C, 
large proportion of adsorptions, that are reported,’ in which 
B = a constant; C, = amount of solute adsorbed per unit mass 
of adsorbent (= concentration of sulphuric acid in casein) ; 
C, = concentration of solute in solution in contact with adsor- 
bent (= concentration of sulphuric acid in water); p, the ex- 
ponent of c, is a constant, dependent like 8 upon the substances 
and conditions; p — 1.95 in the present case. In the following 
table are arranged all the equilibrium results recorded in the 
foregoing tables. They show the regular increase of the ratio with 
the dilution of sulphuric acid and the approximate constancy of £, 
independant of the manner in which equilibrium was obtained. 





exponential formula, B= , found empirically to hold in a 


1Schmidt. Ztschr. Phys. Chem., 15:56. 1804; Walker and Appleyard. 
Jour. Chem. Soc. 69:1334. 1896; Freundlich. Zischr. Phys. Chem., 57:385. 


1900. 
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TABLE XVIII.— SHow1nc Errect oF DituTIon or SuLPHURIC AcID UPon 
r. Ci 
EQUILIBRIUM RATIO—, 


Ce 








ie am aR: 
3 | ¥ 
g EE 2\ 
ad es silk = 
{ = 2% Sere} Rs! & ahs 
No.| METHOD OF OBTAINING EQUILIBRIUM. 's 30 |r — 
a ~,e ols XOlO 
£e ape O10 8/8 8 
Oa rad Glq Pet 
Ba aa 2 
2 Ap Sie 
Be 2/6 
fa) Suu O!DO 
«3 moO il 
Q —— 
1 | Shaking N-125 acid with casein. .... XIV 510.6 308.4 13.5 
2 | Shaking N-250 acid with casein. .... XVII 646. 329.7 Le 
3 | Replacing with water half of solution 
2 in contact with acid-casein and 
shakinip ey). F oe op. ee Oe Gee Ge XVII 923.4 411.0 13.4 


4 | Replacing with water half of solution 

in contact with acid-casein and 
Shaking ee on cee eee eee XVII 1205. 465.5 ies 3 
5 | Replacing with water half of solution 
4 in contact with acid-casein and 











shaking oe Age hae eee ee een ee SME 1499. 498.7 1234 
6 | Shaking N-500 acid with casein..... XV 2053. 622.0 14.1 
7 | Shak‘ng acid-casein with pure water.. XVI 2703. 695.0 Usee 














ACTION OF LACTIC ACID UPON CASEIN WITHOUT SOLUTION. 


The work with lactic acid covers the concentrations, N-125, 
N-500, and N-1000. We used 100 cc. of each solution for I gram 
of casein. The method of experiment is described in detail on 
pp. 210-221. The results of the work are presented in Table XIX. 


TABLE XIX.— SHow1inc AMmouNTS oF Lactic AciD TAKEN UP BY CASEIN AT 























0° C. 
pe! rs 6589 0.88 ¢ og 2 fay 5 
a : 3s gem | See 233 2 
ce as" 44 0 3 Oo 8 3 
fag Ps 1G egy oe he top © a'6 & ia os 
Bus 2 3 A take ae fs Gok ee ee wes wf 
aeals fo aa te ° hed a hae Ce oO OH ° 
Gear oF Me ny ee ase pe aap eo af 38 ie 
ou Ey 3B Sudus Sudud | B8-~ 99 u°sR 33 
806°9 % VOT8S VoRsS O94 a 230g b 
Cone 5 Fave a Rare BB ALO $85.5 2 
A QA oO Oo Ay 4 QA 
N-1000 0 933 0 0 0 ee stacon ate 
100 c. c. 5 min. 843 9.0 9.7 10.7 0 
for 1 gram, 45 min. 744 18.9 20.2 25.5 0 
of 14 hrs. 699 23.4 25.1 33.5 0 
casein. 6 hrs. -586 34.7 37.2 59.2 1 
0 & 944 0 0 0 aieterctake 
12 hrs. -532 41.2 43.6 77.6 1 
24 hrs. - 520 42.4 44.9 82.0 1 
48 hrs, -516 42.8 45.3 83.0 2 








New York AGRICULTURAL EXPERIMENT STATION. 257 


TABLE XIX.— SHOWING AMouUNTS OF Lactic AcID TAKEN UP BY CASEIN AT 
0° C.— (Continued). 























ges] 2 | EBs | FEBE | BEF | SE |S 
@ g oO 8 nl oo Liar Our) Ane p> 
g ae o a§ | eve 98 eres 
rs v4, 2 RS igs CaS 5 as o-8 
Sensi 8 e872 Weg Sneha wes wa 8 
= Lana ¢ [a0] upon owt lo} Hert stan Me) om go O @ 
goge ou <q ie el a ates eye) ems! a se! 
gna cs 90 903 e38a8,| Syang | of F 36 
Oona H gaa galas | BsaSd S325 bo 
Au eS Oo oO Ay ~% Q 
0 O22 0 0 CR ey v'ledter teh des, as 
N-500 5 min 1.855 6.7 3.5 3.6 0 
45 min 1.611 ole 16.8 19.3 O 
100 6=¢ 14 hrs. 1.547 ie iad 19.5 24.2 O 
coe 2 6 hrs. 1.294 62.8 ee 48.5 | ut 
Set 0 1.908 0 0 Ne, & Lee 
Rete L2er hrs: 1.095 Sita 42.6 14.2, 1 
: 24 hrs. 1.069 83.9 44.0 78.5 2 
48 hrs 1.062 84.6 44.3 79.7 2 
N-125 0 8.048 0 0 OS ee arte: 
100 c. c. 5 min, 7.073 97.5 Leal 13.8 1 
for 45 min, 6.723 ooeo 16.5 19.7 1 
1 gram 14 min. 6.040 200.8 25.0 gove 2 
of 6 hrs. 5.140 290.8 36.1 56.6 3 
casein. 10. hrs. 4.841 PAU ys 40.0 66.2 4 
24. hrs 4.652 339.6 42.2 73.0 4 
SOm irs 4.580 346.8 43.0 Tia t 3 

















The results embodied in the preceding table may be summarized 
as follows: 

(1) The amount of lactic acid taken up by casein varies with 
the time of contact and the concentration of the acid in which the 
action takes place. 

(2) The amount of lactic acid taken up at equilibrium by 1 gram 
of casein varies nearly in proportion to the final concentration of the 
free acid surrounding the casein, as we have found to be true in 
case of hydrochloric acid. The amount of lactic acid taken up 
under similar conditions by 1 gram of casein is less than in the case 
of hydrochloric acid. 

(3) In the case of lactic acid, the ratio obtained by dividing the 
amount of acid in I gram of casein by the amount of acid in I cc. 
of the surrounding solution is 75.7 to 83, within the concentrations 
tested, when equilibruim is approached, which occurs at 0° C, in 
24 hours, while in the case of hydrochloric acid the ratio is 
about 147. 

17 
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Fic. 14—Showing amounts of lactic acid taken up at 0° by casein from 
solutions of different concentrations, and rate of reaction. 
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ACTION OF ACETIC ACID UPON CASEIN WITHOUT SOLUTION. 


The work with acetic acid includes experiments at 0° C. with 
N-500 and N-1000 solutions and at 25° C. with N-125 acid. The 
results are tabulated below. 


TABLE XX.— SHOWING AMoUNTS oF AceETIC ACID TAKEN UP BY CASEIN. 
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N-500 OC. 0 1.916 0 0 8) Oe ne 
100 ¢. c. OO” C. 6 hrs. 1.430 48.6 25.4 34.0 0 
for OFC: 12 hrs. 1.433 48.3 2552 Bone 0 
1 gram of O2'Ce 24 hrs. 1.420 49.6 25.9 34.9 0) 
casein. 
N-1000 (VEC. 0 990 0 OC) Aes | oe aan teas 
100 c.c Oss 6 hrs 749 24.1 24.3 S22 0 
for OVS L2ants: * 774 21.6 DAO 27.9 
1 gram of O2nGs 24 hrs. Biol 25.9 36.2 @) 
casein. 
N-125 250°C 0 8.000 0 0 Oe Vial: owes cee ee 
100 c. c. pda ek Ber 5 min. 6.805 11955 14.9 Vie6 0 
for ve LO. 45 min. 6.214 178.6 2203 28.7 1 
1 gram of PAG (CL ors: 5.923 207% aT 26.0 Saye Al 1 
casein. PAS KES 6 hrs. 5.677 PAP pee" 29.0 40.9 2 








— —-— 


Briefly summarized, the results embodied in the preceding table 
indicate that,— 

(1) The action of acetic acid with casein is in a general way 
similar to that of the other acids previously considered. 

(2) Acetic acid is taken up by casein in considerably smaller 
amounts than are the other acids, conditions being uniform. 

(3) A comparison of the action of casein with the acids studied 
is graphically shown in Fig. 15. The curves represent results 
obtained with N-500 solution in each case at 0° C. 


NON-ACTION OF CASEIN ON DILUTE SOLUTIONS OF NEUTRAL SALTS. 


In order to determine the effect of displacing the H* ion from 
solution, half-gram samples of casein were shaken with 50 cc. por- 
tions of the pure N-50 KCl solution used for standardizing the con- 
ductivity cells, the duration of shaking varying from 5 minutes to 


a 


*Evidently contamination of filtrate caused abnormally high result. Low conductivity 
of acetic acid renders dilute solutions very susceptible to change in conductivity by slight 
contamination, 
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Fic. 15.—Comparison of different acids of co concentration in respect 


to their action in being taken up by casein at 0° 
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28 hours. In no case was change in conductivity observed. In the 
case of N-125 MgSO, solution similarly treated, there was a de- 
crease of only a few tenths of a per ct. in conductivity. From these 
experiments, it is apparent that the H* ion is the factor in solution 
on which depends the fixation of the large amounts of electrolyte 
previously determined in the experiments with the mineral acids. 


DISCUSSION OF RESULTS. 

In the foregoing pages, it has been shown (1) that when casein 
and a dilute acid, as, for example, hydrochloric acid, are shaken 
together, the final amount of acid taken up by a gram of casein 
without solution of the proteid is not constant but varies contin- 
uously with the concentration of the surrounding acid solution ; 
(2) that, however small the amount of acid used, it is never com- 
pletely taken up; (3) that the amount of acid taken up varies also 
with the temperature; and (4). that the acid passes as readily from 
the casein into the surrounding solution as from the solution into 
the casein, moving either way according to the change required to 
establish the equilibrium ratio, amount of acid in I gram of casein 
divided by the amount of acid in 1 cc. of surrounding solution, as 
shown in the cases of hydrochloric and sulphuric acids. It is evi- 
dent that no acid-casein compound of constant composition 1s 
formed. Three different explanations may be offered to account 
for the facts observed: 

(1) The reaction may be regarded as one of adsorption, the 
insoluble acid-casein being what van Bemmelen calls an adsorption 
compound. | 

(2) Applying Witte’s explanation of the fixing by fibers of sub- 
stantive dyes, the reaction may be one of solution, the acid dividing 
itself between casein and water as resorcinol divides itself between 
ether and water, according to its solubility in each. 

(3) The insoluble acid-casein may be regarded as a hydrolyzible 
salt, its inconstant composition being due to hydrolysis, which varies 
with the temperature and concentration of the acid. 

We will consider each of these hypotheses in their relation to the 
facts that have been developed. 
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IS THE REACTION ONE OF ADSORPTION ? 


By adsorption is meant the process whereby a solid substance 
A in contact with a solution of a dissolved substance B concentrates 
B upon its surface, withdrawing a portion of B from solution with- 
out forming with it a definite chemical compound. 

In regard to the characteristics of adsorption reactions, we quote 
the five characteristic points given by van Bemmelen for reactions 
of this class: 

“(1) The adsorbed amounts stand in no equivalent proportions 
to the adsorbing mass. 

(2) The composition varies with the structure of the adsorbing 
substance and with all modifications which the latter undergoes by 
reason of its method of preparation, age, heat or action of other 
substances. 

(3) The composition varies with the temperature, 

“(4) Likewise with the concentration of the solution, in case sub- 
stances are adsorbed from their solutions; and the composition 


varies in such manner that the adsorption factor k in the formula 
Cy 


Par F(k) is not constant, but is dependent upon the concentration 
2 


of the solution according to a function that we do not understand. 


. ” C, 
In general, however, c, increases more slowly than c,”’ ( — decreases 


9 
- 


as concentration increases). 

c, = amount of solute adsorbed per unit mass of adsorbent. 

c, == concentration of solute in solution. 

F == unknown function. 

In another article? however, van Bemmelen says: ‘‘ When the 
adsorptive power is small and the solution not concentrated, then, 


St Cea Cte 
between certain limits of concentration, —' is nearly constant.” 


» 


Lass Cy : 
In regard to the variation of —, while, as van Bemmelen 
Cy 


states, an entirely general and accurate formula is unknown, 
the relation in a large proportion of adsorptions, can be expressed 


*Ztschr. Anorgan. Cheim., 36:381. 1903. 
*Ztschr. Phys. Chem., 18:33. 1895. 


tf “~~ 
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. . . . e B 
with a fair degree of approximation by the equation, G3 

Ce 
8 and p being constants dependent in value upon the active sub- 
stances and the conditions. The formula has been found to hold by 
Freundlich, Walker and Appleyard, and Schmidt. (loc. cit.) In 


the experiments of Schmidt, p was found to vary from 2 to 10, while 


’ 


in those of Freundlich (loc. cit. p. 396) p did not vary greatly from 
2 in most cases. When p becomes unity, the formula applies to the 





; ae 19- Gy 
case in which — = constant. 


9 


“(5) The velocity with which the formation of an_adsorption 
compound occurs decreases continually as more substance is ad- 
sorbed and the adsorption approaches equilibrium.’ In another 
article van Bemmelen! says: ‘‘ The adsorption begins with great 
speed and decreases continually as more substance is adsorbed and 
equilibrium is approached. With constant shaking, the latter 1s 
usually reached in one to three hours.” 

To the above we may add the two points following: 

(6) The reaction approaches a true equilibrium, which can be 
approach from either side, as stated by Ostwald,? and as shown 
by the work of Freundlich,’ and laso by Walker and Appleyard. 

(7) Ostwald expresses graphically as follows the characteristic 
relation between the concentration of the solution and amount of 
solute adsorbed. Using rectangular coordinates, if one plots dilu- 
tions of the solution as ordinates and amounts of solute adsorbed 
as abscissae, the resulting curve will be nearly a hyperbola. 

Of the above, the first and most important point corresponds 
entirely with the facts observed in the reaction between casein and 
acids. There are no definite combining proportions. 

None of our data bears upon the second point, since the casein 
was all prepared and kept by one uniform method. 

The third statement is in harmony with our results. In the cases. 
tested, temperature was found to have a considerable influence upon 
the amount of acid fixed. 


*Ztsch. anorg. Chem., 23:345. 1900. 

> Lehrb. d. Allg. Chem. 2d Aufl. 1, 1903. 
Seam ects +p. 250, 

plocecit: 
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Regarding the fourth point, it was found that in all cases the 
fundamental principle was complied with: The amounts of acid 
taken up per gram of casein at equilibrium depend upon the final con- 
centrations of the solutions. In the cases of hydrochloric, lactic, 
__concentration acid in casein 
~ concentration acid in water 
stant. This, acording to van Bemmelen, may occur when solutions 
are dilute and adsorptive power weak. While the adsorptive power, 
particularly in the case of hydrochloric acid, is not weak, the so- 
lutions were very dilute. In the case of sulphuric acid, where 





. : C1 : 
and acetic acid, = is nearly con- 


: . Sh . . . 
adsorption is much stronger, the ratio  ilcreases with the dilution, 
2 


in accordance with the usual behavior of adsorptions, and the in- 


° . . cP 
crease occurs in accordance with the exponential formula, Brats , 
2 


which has been found to hold in a large proportion of adsorptions, 
p being 1.95 in this case (p.255). If p be taken nearly equal to 
unity, the same formula holds for the other acids. 

In velocity, the reaction, agreeing with van Bemmelen’s fifth 
criterion, begins with great speed, and becomes slow as equilibrium 
is approached. Particularly when the mixtures of casein and acid 
are subjected to constant agitation so that the casein does not have 
to wait for acid to reach it by diffusion, the initial velocity was enor- 
mous, the curves being nearly parallel to the ordinate axis for some 
distance. Negative acceleration is, of course, observed in reactions 
in general as they approach equilibrium, so that no great force is 
to be attributed to this characteristic for the purpose of classifying 
the reaction, although the enormous initial velocity is not usually 
observed in intermolecular reactions requiring considerable time for 
completion. The great velocity with which acid is extracted by 
water from the insoluble acid-casein furnishes a marked contrast 
_ to the stability of the precipitated acid albumin of von Rohrer, an 
apparently true chemical compound, which could be washed with 
water without changing materially its acid content. 

The fact that the equilibrium can be approached from both sides 
has been shown in the cases of both hydrochloric and sulphuric acids. 

As shown in Fig. 20, the curves obtained in the manner indicated 
by Ostwald are similar to the hyperbola. 
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From the foregoing considerations, it is evident that the reaction 
between casein and dilute-acids shows the characteristics of adsorp- 
tion phenomena. 


IS THE REACTION A CASE OF SOLUTION OF ACID IN CASEIN? 


Most of the qualitative characteristics of the reaction, such as the 
lack of definite combining proportions and the ability of the acid to 
divide itself according to a definite ratio between casein and water, 
are characteristics of the partition of a solute between two solvents, 


as well as of adsorption. The behavior of the ratio - in the case 


mt 


in question particularly when sulphuric acid is considered, does not, 
however, correspond to the conditions of distribution in such cases. 
To quote Walker! in regard to the law of distribution in solution: 
“Tf the molecular weight of the substance in one solvent is n times 
as great as its molecular weight in the other solvent, then, when 
equilibrium is attained, the nth root of the concentration in the first 
solvent will bear a constant ratio to the concentration in the second 
solvent.” According to this, the molecular weight of hydrochloric 
acid would have to be regarded as the same in water that it is in 
its hypothetical solution in casein, in order that the ratio of concen- 
tration of acid in casein to concentration of acid water should be 
constant. As is shown, however, by the freezing point, osmotic 
pressure and electrical conductivity of hydrochloric acid solutions, 
the hydrochloric acid molecule is almost completely dissociated in 
water at the concentrations employed. An equal degree of dissocia- 
tion is required by the laws of solution for the hydrochloric acid in 
the casein, where it is from 100 to 150 times as concentrated as in 
the water. This would require us to regard casein as a solvent 
having a remarkable dissociating effect, far surpassing that of water, 
which is very improbable. In the case of the reaction with sul- 
phuric acid in which the ratio decreases as concentration of acid in 
water increases, the laws of solution require a much smaller molec- 
ular weight for the sulphuric acid in casein than that of sulphuric 
acid in water solution, which is clearly an impossibility. Irom the 
foregoing considerations, it is evident that the hypothesis of solution 
does not apply to the action under consideration. 


*Jour. Chem. Soc. [London], Trans., 69:1335. 1806. 
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IS THE ACID-CASEIN SOLID A HYDROLIZIBLE SALT? 

In case the insoluble acid-casein were a hydrolyzible salt of an 
acid, as hydrochloric acid, casein acting as a weak base, we should 
observe the same qualitative characteristics as those noted, viz., the 
dependence of the amount of acid taken up by casein upon the 
concentration used and upon the temperature, and a loss of acid 
when the insoluble acid-casein is shaken with pure water. We 
should, however, expect somewhat more hydrochloric than sulphuric 
acid, reckoned in equivalents, to be taken from solution of equal 
concentrations, since hydrochloric acid is somewhat the stronger 
acid. Instead, the amount of sulphuric acid taken up is much the 
greater. Furthermore, according to the law of mass action and the 
behavior of chemical reactions of this class, equilibrium would 
always be reached when the concentration of the free acid had been 
reduced to a certain constant value, the amount of acid held by 
casein being no factor in the equilibrium so long as all the basic 
valences of the latter were not neutralized. According to the law 
of mass action, if we regard the insoluble acid-casein as a salt of 
an acid, say hydrochloric acid for example, hydrolyzing in accord- 


ance with the hypothetical equation, 


Casein Cly + y H,O <. Casein (OH)y+ y HCl, 


(acid-casein ) (free casein) 
equilibrium must be reached when 


Chic hocaaern (OH) y Yes 


y e te 
Ob ee ee Gl kv. 
in. which ies, = concentration of HCl; C.._... (OH) y = concen- 


tration of free casein, €tc.)y==basic valence oOfscacem. K, ye 
constant dependent on temperature. The hydrochloric acid is the 





only reagent of variable concentration. Consequently 1 the equation 
simplifies to OI 1 

The accuracy of this form of equation for reactions involving 
only one substance of variable concentration has been repeatedly 
proved by well-known reactions. In the decomposition of CaCO, 
by heat, Cio. —K,. In the reaction by which ammonia and 


*“Only gaseous and dissolved substances have varying concentrations.” 
(Ostwald Principles of Inorganic Chemistry. Translation by Findlay, p. 327, 
1902. ) 
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CaCl, combine, the pressure (concentration) of ammonia at equi- 
librium depends only on the temperature. The same is true of the 
reaction between PbO and NH,Cl, in which ammonia is formed. 

As examples in which the reaction is hydrolysis and therefore 
especially comparable to the hypothetical hydrolysis of insoluble 
acid-casein, the hydrolyses of mercurous sulphate and of the picrate 
of diphenylamine may be noted. The first reaction was studied by 
Gouy? and by Hulett.* It occurs in accordance with the equation. 

Pees 2 1) [He (OH) ], (Hg.50;) -- 2 HegHsO,. 
emit Oli ol), is relatively the only soluble substance and conse- 
quently the only one of varying concentration. Equilibrium is 
reached when hae constant, this constant concentration 
at 25° C. being 0.00225 molecular weights in grams per liter. 
When Hg,SO,, or a mixture of it with the basic salt, was shaken 
with water, hydrolysis always proceeded until the concentration of 
the HgHSO, reached this value, and no further hydrolysis occurred 
unless the mixture of salts was treated with fresh water, when the 
process again went to the same limit, and it could be repeated until 
all the Hg,SO, was changed. Hulett treated a portion of Hg,SO, 
thus with 43 successive portions of water and found at the end of 
each treatment (of 12 hours) the same concentration of HgHSO, 
in solution. The forty-third treatment exhausted the Hg.SO, and 
further treatment had no effect except to dissolve traces of the 
basic salt. 

The picrate of diphenylamine, like all salts of this base,* is hydro- 
lyzed by contact with water, with formation of picric acid and 
diphenylamine. Both diphenylamine and its picrate are, like casein 
and acid-casein, practically insoluble. The picric acid is, therefore, 
the only reagent of variable concentration. Walker® found that 
picric acid (saturated solution) placed in contact with varying excess 
portions of diphenylamine always combined with it until the con- 
Gentration of the acid was reduced to 13.8 mgs. per cc. If picric 


*Isambert. Compt. Rend. Acad. Sci. [Paris], 102:1313. 1886. 

*Compt. Rend. Acad. Sci. [Paris], 130:1399. 1900. 

*Zischr. Phys. Chem., 49:491. 1904. 

4 Meyer and Jacobson. Lehrbuch der Organishe Chemie, II (1) p. 177. 
1902. 

sJour. Chem. Soc. [London], Trans., 69:1341. 1806. 
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acid of less concentration than 13.8 mgs. per cc. was placed in con- 
tact with diphenylamine, 70 combination occurred. 

From the preceding discussion of adsorption reactions and of 
hydrolysis in which, of the reacting substances, only the acid has 
variable concentration (that is, is soluble), it is evident that the two 
kinds of reactions are represented by curves which characteristic 


differences as shown in Figs. 16 and 17. 


G oncentrabion Aad.— > 





Duration of Reaction ——> 


Fic. 16—Typical curves for combination of acid to form hydrolyzible salt, 
both base and salt being insoluble. 


The four curves in each of the diagrams represent the theoretical 
effect of contact with an excess of insoluble base (Fig. 16) and 
with an adsorbent mass (Fig. 17), respectively, upon portions of 
acid of varying concentration, the conditions used, other than con- 
centration of acid, being the same for the four cases represented in 


each figure. 
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The diagrammatic curves of Fig. 16 signify that,— 

(1) When an insoluble base forming an insoluble hydrolyzible 
salt is treated with acid of the equilibrium concentration (curve 3), 
as, for example, 13.8 mgs. per cc. in the case of picric acid and 
diphenylamine, none of the acid is combined, so that its concen- 
tration remains constant. 


Concentration A ar ae 


Duration of Reaction—> 


Fic. 17——Typical curves for adsorption. 


(2) Likewise, when the initial concentration is less than that re- 
quired for equilibrium, none is combined (curve 4). 

(3) When the initial concentration is greater than that required 
for equilibrium (curves 1 and 2), acid is combined until the con- 
centration of free acid is reduced to the equilibrium value, which 


is the same, whatever the initial concentration of the acid, 
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The curves of Fig. 17 signify that,— 

(1) When an acid or other substance is adsorbed from solution, 
the initial concentration, however small, is always reduced by con- 
tact with the adsorbent. 

(2) The equilibrium concentration varies wih initial concentration 
in each case. There is no equilibrium constant for the concentration. 
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Fic. 18.— Showing decrease of concentration of free hydrochloric acid 
resulting from action of casein in taking up acid. (Table VIII, column 3.) 
Comparison with Figs. 16 and 17 shows that the curves are characteristic 
of adsorption. 
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The curves of Fig. 18 express results obtained with four initial 
concentrations of hydrochloric acid, as given on p. 277, Table VIII, 
column 3. Similar curves are obtained by plotting the results tabu- 
lated for the other acids. The forms of the curves (compare with 
Figs. 16 and 17) show clearly that the reaction has the character- 
istics noted above for adsorption and does not fulfil the requirements 
of the formation of a hydrolyzible salt. 

This fact is brought out even more strikingly by the application 
of Ostwald’s graphic criterion for adsorption. According to this 
if, using equilibrium data, one plots dilutions of the solution as 
ordinates and amounts of solute adsorbed as abscissae, the char- 
acteristic curve for adsorption is similar to a hyperbola. In 
the case of formation of a hydrolyzible salt of the kind in question, 
the curve would be very different. For the combination of any 
acid at all, the dilution could not exceed that corresponding to the 
concentration constant. Nor, until the base is completely neutral- 
ized, can acid in contact with it at equilibrium be of less dilution 
than the constant, since the acid will continue to combine until that 
dilution is reached. Consequently, as more acid is added to a 
solution in contact with the base, the latter takes it up, keeping the 
dilution constant until the basic valences are all saturated, the curve 
expressing these conditions being a horizontal line. Further addi- 
tion of acid simply decreases the dilution, since further combination 
is impossible, and the curve drops perpendicularly. The two types 


of curves are illustrated in Fig. 19. Curves 1 and 2 represent ac- 
. . ° Pits : 
sorptions following the equation B=“, in which p has the values 
C2 
T and 2 respectively. In the former case the curve is a true 
hyperbola. In the latter it represents the average relations observed 
by Freundlich in adsorption by charcoal. The rectilinear curve 3 
represents the conditions in the formation of a solid salt, as de- 
scribed above. In Tig. 20 the results experimentally obtained with 
the various acids are graphically represented. Comparison with 


Fig. 19 shows that the reactions represented are adsorptions, 
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Equivalent Volume of Solut YS 





Amt Acid Fixea per Gg: of Solid 


Fic. 19.—Typical curves contrasting relations in adsorption, with those 
in formation of an insoluble hydrolyzible salt from an insoluble base. 
The adsorption curves are plotted in accordance with the exponential 


formula ee es 


Arrows above curves indicate direction of change 
2 


caused by addition of acid. 
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I'ic. 20.— Curves express relation at equilibrium between dilution of vari- 
ous acids and amounts fixed by one gram of casein. 

Comparison with Fig. 19 shows that the curves are characteristic of 
adsorption. 

Comparison of the curves with each other at the same dilution shows the 
relative amounts of the different acids adsorbed. 


18 
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From the results presented above, it is apparent that the reaction 
by which undissolved casein reduces the concentration of an acid 
solution is one of adsorption and not the formation of either a stable 
or a hydrolyzible salt, as is shown by the absence of either con- 
stant combining proportions or a constant concentration of acid at 
equilibrium. 

Casein is not the first proteid whose adsorptive power for acids 
has been studied. Walker and Appleyard! found that silk fixed 
varying proportions of mineral, fatty and aromatic acids, the aro- 
matic being adsorbed most completely, mineral acids next, and fatty 
acids least . and it was shown that the reaction was one of ad- 
sorption. Schmidt? found that the process by which silk fixed the 
acid dye, eosin, is one of adsorption and concluded from this and 
other data that the dyeing of silk is an adsorption phenomenon. 
Sjoqvist® found that coagulated egg albumin takes hydrochloric 
acid and sulphuric acid from solution, and that the acids could be 
re-extracted from the albumin with water, the reaction being char- 
acteristic of adsorption, although Sjéqvist attributes it a priori to 
the formation of a hydrolyzible albumin-acid salt. Using in each 
case 2 grains of albumin for 100 cc. of acid, he found that in five 
minutes, 72, 83 and or per ct. ot the actd was remwved from solu- 
tions, respectively, of N-1o, N-20 and N-4o concentration. It is 
apparent that, although the time of reaction was too short to permit 
final conclusions, the results suggest an adsorption, inasmuch as the 
concentration of the acid was reduced in all cages and more markedly 
as dilution increased, and showed no tendency towards an equilib- 
rium constant. Hardy* calls attention to the fact that the reacting 
masses of dissolved globulin and acid are not constant, and he is 
inclined to suggest the possibility that the relation between electro- 
lytes and proteids, even in solution, may be one of adsorption, the 
prteid molecules being gathered into minute masses in suspension, 
which form an “ inner phase’ more or less rich in adsorbed electro- 
lyte. Hardy emphasizes the “need for caution in regarding the 
reaction between proteids and acids as one of simple salt formation. 


‘Jour. Chem. Soc. [London], Trans., 6921334. 1806. 
*Ltschr. Phys. Chem., 15:to. 1804. 

* Skand. Arch. Physiol., 5:35. 1895. 

‘Jour. Physiol., 332300.  14u5.  fnakjht 
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Lhe possibility of the phenomena belonging to the intricate border- 
land of adsorption combinations must not be lost sight of.” 

The selective action of casein in taking acids but not neutral 
mineral salts from solution is paralleled by that of charcoal. 
Freundlich (loc. cit.) finds that a carefully purified preparation of 
the latter adsorbs mineral and organic acids, particularly the latter, 
but alters the concentration of mineral salts by less than one per ct. 
In this case the adsorbent is equally inert in a chemical sense to- 
wards either acids or salts. The reaction is purely one of surface 
energy, independent of any possibility of chemical combination be- 
tween adsorbent and dissolved substance, and the same may be the 
case with casein. 

It appears, however, that in all cases adsorptive power and the 
tendency to react chemically are not so sharply separated. van 
Bemmelen! says: ” If P and C (adsorbent and dissolvent substance ) 
are indifferent to each other according to the ordinary chemical con- 
ception, an adsorption may occur, but it is in many cases only a 
weak one.” He found that the hydrogel of SiO, adsorbed strong 
bases much more strongly than strong acids or salts. MnO,, which 
kas acid properties and can combine chemically with strong bases, 
adsorbs alkali better than it does acids or salts. Metastannic acid, 
which can form combinations with acids, adsorbs potassittm chloride 
weakly, hydrochloric acid strongly. From these and other similar 
facts, van Bemmelen concludes that it appears that “in many cases 
adsorption is distinguished as the forerunner of chemical combi- 
nation.” Adsorption is strong in many cases when, under other 
conditions or by gradual inner changes, chemical compounds can be 
formed. For example, van Bemmelen found? that colloidal silica 
- in contact with barium hydroxide adsorbed the latter in accordance 
with the criteria of adsorption, so long as barium hydroxide of less 
than a certain concentration was used. When this concentration 
was exceeded, combination occurred and a compound having the 
composition BaSiO,. OH,O separated in crystalline form. In 
double transposition in solution, as between salt and salt, the new 
compound is often precipitated as a colloid and changes later into a 


. 


*Ztschr. Anorgan. Chem., 23:342. 
*Ztschr, Anorgan. Chem., 36:380. 1903. 
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‘chemical compound of crystalline form and definite composition. 
It is questionable whether the colloidal precipitate first formed is a 
chemical compound of definite proportions rather than an adsorption 
compound, or a transition between the latter and a definite chemical 
compound. van Bemmelen has determined the transition of pre- 
cipitated colodial adsorption compounds of Al?O,, BaO, and CuO 
into chemical compounds. 

From the standpoint of van Bemmelen discussed in the preceding 
paragraph, viz., that a chemical affinity between two substances, 1n- 
sufficient to cause a chemical reaction under existing conditions, 
may result in the formation of an adsorption compound, which may 
or may not give rise to a definite chemical compound, one may 
regard the action between casein and acids, by which insoluble acid- 
casein with varying content of acid is formed, as the formation of 
an adsorption compound under such influence; and the change to 
soluble acid-casein formed on long standing, on warming or on con- 
tact with acids above a certain degree of concentration, as the change 
of the adsorption compound into a chemical one, such as a proteid- 
acid salt. 

Assumptions aside, however, as to the possible relation between 
the basicity of casein and its adsorptive power, and as to the nature 
of soluble-acid-casein, the action of dilute acids may be briefly 
stated thus: The acids first concentrate upon the casein by ad- 
sorption and then begin to dissolve it more or less slowly according 
to conditions of temperature concentration, etc.: The dissolved sub- 
stance, at least in the case of hydrochloric acid, contains more acid 
than the adsorption compound. 

The fact that acid-casein does not dissolve in warm 5 per ct. salt 
solution, as found by Van Slyke and Hart! is explained by the 
work of Hardy (loc. cit.) who found that the presence of acids de- 
creases or inhibits the solvent power of salt solutions towards pro- 
teids. When the insoluble acid-casein is treated with salt solution, 
the latter would naturally extract part of the adsorbed acid, and 
largely lose its solvent power. 

Although the results obtained during our limited time of investiga- 
tion in this line of work are not complete, the facts that have been 


4 


"N. ¥. Agr. Ex. Sta,, Bul. 261. 1905, 


4 
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presented, viewed in the light of our present knowledge regarding 
reactions having similar characteristics, have forced us to regard the 
action studied as a case of adsorption, with the formation of what 
van Bemmelen calls “ adsorption compounds,” that is, physical com- 
binations with composition varying continuously with the conditions. 
It must be confessed that much remains to be learned about ad- 
sorption compounds, and the phenomena of adsorption. They, how- 
ever, have certain characteristics in common, as summarized on p. 
262, and the possession of these characteristics by the reaction 
between dilute acids and casein, together with the complete failure 
of the reaction to agree with the accepted laws of chemical com- 
bination, lead us to classify the process as an adsorption. Whether 
other proteids also take up. acids by adsorption, or whether casein 
and silk are peculiar in this respect, it is useless to speculate about 
until careful quantitative tests have been made with other proteids. 

For an interesting speculation upon the possible biological sig- 
nificance of adsorption, the reader is referred to the discussion at 
the close of Freundlich’s recent paper.! 

Viewing the action between casein and acids as an adsorption 
practically brings us back to Hammarsten’s original proposition, in 
regarding the action as one not strictly chemical; though his con- 
clusion was based on results that could not be accepted as at all 
decisive, especially in view of the facts we now possess which were 
not then known. ; 


*Ztschr. Pivysik. Chem., 572385. 1906. 
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THE HYDROLYSIS OF THE SODIUM Sais 
OP SCA Daa 


1. In determining the amount of alkali neutralized by casein, 
different indicators give cifferent results. Phenolphthalein has 
been in most common use in such work, giving higher results than 
other indicators. The object of the work presented was to de- 
termine the neutral point by means of conductivity measurements 
in comparison with the use of phenolphthalein and alkali. Our 
results indicate that the sodium salts of casein hydrolyze so readily 
that titration with alkali does not give the true equivalent weight 
of the proteid. An excess of casein, as of phosphoric acid, is re- 
quired to overcome the alkalinity of the hydrolizing normal salt. 
The point at which the alkalinity is overcome is indicated by the 
attainment of minimum conductivity and corresponds roughly with 
the point neutral to phenolphthalein. Because of the extreme 
weakness of its acid properties, markedly greater excess of casein 
is required to give an acid reaction with less delicate indicators. 

In determining the amount of alkali that is neutralized by casein, 
the results obtained by the use of different indicators do not agree. 
Thus, more alkali is required with litmus than with methyl orange 
and still more with phenolphthalein.t The amount of alkali which 
casein neutralizes, with the use of phenolphthalein as indicator, has 
been chosen somewhat arbitrarily as representing the true result. 
It was on the basis of results thus obtained that Laqueur and 
Sackur? made their determination of the equivalent weight of casein. 

The desirability of a method of measuring the neutral point in 
such cases, independently of indicators, is apparent. It was hoped 
that the determination of electrical conductivity would furnish this. 
It is well known that when an acid is added to a solution of a strong 
base, the conductivity of the solution decreases until the neutral 


— —-—___ —_—_. 


*Reprint of Part 11, Technical Bulletin No. 3. 

*So6ldner Landw. Vers.-Stat., 353351. 1888. 
Courant. Arch. Physiol. [Pfliiger], 50:109. 18o0T. < 
Laqueur. Beitr. Chem. Physiol. u. Path., 7:273. 1905. 

* Beitr. Chem. Physiol, u. Path., 3:197. 1903. 
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point is reached, because the addition of acid replaces rapidly con- 
ducting OH’ ions with more slowly conducting acid radicle anions, 
The addition of a given amount of acid always replaces the same 
number of OH’ ions, and decreases the conductivity by a given 
amount; therefore, if the conductivities are plotted as ordinates and 
the amounts of acid added, volume of solution being constant, as 
abscissae, the resulting curve will be a straight line sloping down- 
ward to the neutral point. At this point it breaks sharply. If the 
acid be a strong one, like sulphuric acid (Fig. 21) the curve will 
rise again rapidly in a nearly straight line. If the acid be a weak 
_polybasic one, like succinic, the curve may still continue falling 
slightly on the acid side of the neutral point, due to the fact that 
the acid-salt has somewhat lower conductivity than the neutral, but 
the slope is slight compared with that on the alkaline side of the 
nentral point, and the point is plainly marked by a sharp angle. If 
the acid be so weak, however, that it hydrolyzes, so that its normal 
salt reacts alkaline, as is the case with phosphoric acid, the curve 
does not fall straight to the neutral point and break there, but bends 
gradually (H,PO,, Fig. 22), and without breaking. The decrease 
in the number of OH’ ions is not a linear, but a complex function 


ot the amount of acid added, and they do not disappear until an 


, 
excess of acid has been added. In acids of this character, the 
neutral point can not be determined accurately by either conductivity 
or titration with phenolphthalein. Sjoqvist! working with hydro- 
lyzible hydrochloric acid salts of albumin employed the approximate 
method of determining the intersection of the asymptote of the 
curve on the acid side (corresponding to the alkaline in our case), 
with the horizontal line tangent to the curve at its minimum, 
assuming that the abscissa of the intersection denoted the equivalent 
weight of albumin. . 

The work of former investigators has shown that the addition of 
more casein to a sodium caseinate solution neutral to phenolph- 
thalein does not appreciably change the conductivity. Instead of 
the curve’s rising beyond the neutral point, as in the case of sul- 
phuric acid, or falling slightly, as in the case of succinic acid, it 
becomes horizontal. If an acid sodium salt of casein, analogous to 


"Skand, Arch. Physiol., 5:276. 1895. 
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NaHCoO,, is formed, this acid salt has apparently the same con- 
ductive as the neutral salt. Apparently the (H casein),®? (H, 
casein)™? . . . .. ions have the same conductivity as the (casein)” 
ion (n= valence of casein anion), the gain or loss of a hydrogen 
atom not appreciably affecting the velocity of the excessively large 
and complex casein anion. 


Laqueur (Beitr. Chem. Physiol. uu. Pathol., 7:273. 1905) mentions the 
fact that increase in the proportion of casein in a solution of sodium 
caseinate neutral to phenolphthalein does not appear to change the con- 
ductivity, and discusses the explanation mentioned above, also as less prob- 
able the one that the excess casein simply dissolves as free casein in the 
sodium caseinate solution. 

The constancy of the conductivity of solutions acid to phenolphthalein 
is shown more accurately by the figures of Long (Jour. Amer. Chem. Soc., 
28:377. 1906), although he does not call attention to this feature. Re- 
arranging Long’s results, so as to make this point clear, we have the fol- 
lowing table: 


N 
c. c.—Na OH. Reaction 
, 10 Grams Conductivity to of 
in 100 c. c. casein. «108 phenolphthalein 
1525 1234 { alkaline 
D2 SOD Giaie Parti eT ee Eee a ae D5 1006 Bie 
5.0 1012 acid 
(0.625 700 alkaline 
1 Es eS i et pons UA Tee Be Fe | Ye25 561 neutral 
2.50 563 acid 
(0.3125 380 { alkaline 
BOLO) arty ee eT ay ie Mens 5 nee bres 310 Estas 
a: 308 acid 
0.1562 | 209 alkaline 
RSL 2 i Sec cheered Soa eee 7 Ono kop 172 neutral 
(0.6250 { 168 acid 
BE AOGs ca rse i ncs ea Ae {0.1562 {93 { neutral 
LO Lal2o (93 acid 


The last two figures of each trio in the conductivity column agree closely. 


From the above discussion it is apparent that if casein acts as 
an acid with a definite neutral point correctly indicated by phenolph- 
thalein, as was apparently considered to be approximately the case 
by Laqueur and Sackur,' who based equivalent and molecular 
weight determinations upon this assumption, we should expect a 
neutralization conductivity curve descending in a straight line to 
the neutral point, and there breaking and becoming horizontal. 


* Beitr, Chem. Physiol. u. Pathol., 32193. 1903. 
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The curve actually obtained (Fig. 22) is concave and 
gradually approaches the horizontal position without the oc- 
currence of a break at any point. The curve reaches its minimum 
at a point near that neutral to phenolphthalein, but it does not 
appear that this point indicates the normal salt any more than the 
nunimum on the phosphoric acid curve indicates Na,PO,. It in- 
dicates rather the presence of sufficient excess of casein to depress 
the amount of hydrolytically freed NaOH to a negligible quantity. 
If we adopt Sjoqvist’s method, and extend the asymptote of the 
upper part of the curve, until it cuts the horizontal line tangent at 
the minimum (dashed lines Fig. 22), the intersection indicates an 
equivalent weight of casein less than one-third that estimated from 
the point neutral to phenolphthalein. The assumption of Laqueur 
and Sackur’s, that the latter indicates approximately the true equiva- 
lent weight of casein is not confirmed. It does not appear that this 
can be ascertained by titration with acid-alkali indicators any more 
than can that of phosphoric acid, altho as applied by Robertson! it 
may furnish the basis of a convenient empirical method for quantita- 
tive estimation of the proteid. 


EXPERIMENTAL. 
N 


We dissolved varying amounts of casein in 100 cc. of _** 
100 


NaOH and determined the point of minimum conductivity by the 
method of repeated approximation, finding the point within wide 
limits, then working within these and finding narrower limits, etc. 
The methods of manipulation in agitating casein with alkali and in 
measuring conductivities were the same as in the case of acids. The 
solutions were thus in contact with the electrodes only a short time, 
avoiding chances of the difficulty mentioned by Laqueur.? 


We obtained the following results graphically expressed in Fig. 


@egisinoein each. case 100.cc. of _N NaOH with the amounts of 
100 


casein indicated. 





—_— 


*Am. Jour: Biol. Chem., 2:317. 
* Beitr, Chem. Physiol. u. Pathol. 7:275. 1906, 
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12.00 
2200 
1. Ot 
0.50 
0.39 
0.28 
Oni7 
0.00 


Color of solu- 
tion with .. 
phenolphthalein. 


Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Red. 
Slightly pink. 
Colorless. 
Colorless. 


The numbers in parentheses are graphically interpolated from 


the curve, and correspond to the point indicating the normal salt, 


according to Sjoqvist’s roughly approximate method. This normal 


salt, with no excess of casein present, appears about 29 per ct. 


hydrolyzed. 
column may be regarded as all due to hydrolysis. 


The free alkali in the data tabulated below this in the 


The per ct. of free NaOH in the third column is calculated by 


the formula usually employed for hydrolysis k, x + (1—x) k, =k, ; 
100 x = per ct. of free alkali: k, = conductivity of free alkali 2am 





k,—= conductivity of unhydrolyzed sodium caseinate = 54.4; k, == 
observed conductivity of experimental solution. 





The accuracy of 


the formula depends on that of the observation brought out pre- 


viously that the equivalent conductivities of the neutral and various 


acid sodium salts of casein are the same. 


The view that the sodium salts of casein hydrolyze was held by 


Laqueur and Sackur?! for the salts acid to phenolphthalein. Our 


* Beit. Chem. Physiol. Pathol., 3:194. 


1903. 
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results indicate that the salts even quite alkaline to phenolphthalein 
hydrolyze to a marked degree. 

The behavior of casein salts of the alkaline earth metals has 
also been studied by W. A. Osborne! with the conclusion that they 
hydrolyze. 

A further reason for placing casein, as regards its acid properties, 
in a class with phosphoric acid, is the similar behavior of the two 
towards various indicators. Phosphoric acid like casein gives dif- 
ferent results when titrated against alkali with different indicators. 
For example, 10 cc. of a given solution of phosphoric acid was 
neutralized to methyl orange by 6.15 cc. N-1o KOH, while to give 
a perceptible pink with phenolphthalein 11.20 cc. were required. 

Viewed from the standpoint indicated by our results, casein acts 
as a very weak acid. When a sufficient excess of casein is present 
in solution (presumably as acid casein salts, possibly as free casein 
dissolved in sodium caseinate solution) the amount of hydrolytically 
freed alkali is reduced to practically zero, and the solution reacts 
neutral to the delicate indicator phenolphthalein, at the same time 
showing a minimum conductivity. Due to the weakness of its acid 
properties, a considerably greater excess of casein is required to 
render the solution acid enough to redden litmus, and still greater 
excess to neutralize to methyl orange. 

These results are presented as preliminary to a more thorough 
investigation of the problem. 


The data for plotting the HsPOs; and H.SO, curves are taken from 
Kohlrausch.2? The data for succinic acid were obtained by adding to a 


, N ‘ rex: , 
solution of 20 cc. carbonate-free = KOH in a conductivity cell successive 


portions of recrystallized succinic acid dried at 115°. The acid was weighed 
out in a small tube and portions shaken into the solution, the tube being 
weighed after shaking out each portion. By this method cumulative error 
in weighing was avoided. As one equivalent of succinic acid weighed but 
116 milligrams, the volume change caused by the addition was negligible. 
The following data were obtained. Temperature = 25°. 


* Jour. Physiol., 27:398. 1901. 
*Leitvermégen der Elektrolyte. 
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Equivalents succinic 


acid added. A 
O 240.0 
. 500 L7 hay, 
i728 138.0 
.840 121.4 
.913 Liace 
.983 102.0 
1.043 99.1 
I.149 97.8 
1.614 93.1 
2.331 . 88.7 
3.100 86.2 


For courtesy in providing us with apparatus, laboratory and materials 
for the above experiment, which was done when our own apparatus was 
not available, we wish to thank Dr. Lind, of the University of Michigan. 
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COMMERCIAL MISCIBLE OILS FOR THE 
TREATMENT OF THE SAN 
JOSE SCALE.* 


Porro ly, .t.. i FODGKISS Ann kb; A] SIRKINE. 


SUMMARY. 


This bulletin contains the details of a number of experiments with 
commercial miscible oils to determine their merits for the control 
of the scale. This work was conducted in three orchards in which 
1368 trees were sprayed with these preparations in varying pro- 
portions. On the basis of these tests the following conclusions are 
drawn: ¢ 

Applications of proprietary miscible oils at the rate of one part 
of oil to twenty or twenty-five parts of water failed to give uniform 
results on scale. Trees receiving these treatments usually showed 
more or less spotting of the fruit and varying infestation of the 
new growth. 

Miscible oils in the proportion of one part of oil to ten or fifteen 
parts of water, while uniformly more destructive to the scale than 
the weaker preparations, were usually not quite so efficient as the 
boiled lime-sulphur wash. These stronger applications destroyed 
large percentage of the scales, being sufficiently effective to maintain. 
the thriftiness of the trees and to keep the fruit crop fairly clean. 
On the basis of these results even the better ones of the miscible 
oils tested should not be used in weaker mixtures than one part to 
ten or fifteen parts of water. 





*A reprint of Bulletin No. 281. 
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The miscible oils are commercial insecticides and therefore the 
orchardist should understand that the reliability of the stock material 
rests with the compounder. These sprays are simple to prepare for 
use, and are convenient preparations for the treatment of odd trees 
and small orchards. ‘The cost of the miscible oils in the proportions 
of one part to ten or fifteen parts of water makes their use almost 
prohibitive for commercial orchardists who desire a safe and com- 
paratively cheap oil spray. Compounders of commercial insecti- 
cides should endeavor to produce a reliable miscible oil that is 


cheaper than present’brands, 


COMMERCIAL MISCIBLE OILS FOR TREATMENT OF 
| THE SAN JOSE SCALE. 


Crude and refined oils are among the most penetrating and de- 
structive of the contact insecticides, but as ordinarily employed for 
spraying purposes they must be used with much caution to prevent 
the applications from injuring the plant while destroying the insect. 
Rather than run the risks of injuries to his trees the average fruit- 
grower has largely avoided clear oils for orchard treatment. For 
these reasons a safer method for the use of oils in this capacity has 
long been desired. ‘To meet this demand there have appeared upon 
the market in recent years a number of sprays which have been 
designated Miscible Oils or Water-Soluble Oils. These prepa- 
rations have proprietary names and are known as Kil-o-Scale, 
Scalecide, Target Brand Scale Destroyer, Surekill, Water-Soluble 
Petroleum, etc. The important ingredients in the more efficient of 
these commercial insecticides are oils which have been combined 
with some emulsifying agent to facilitate a uniform dilution with 
water. In these emulsion preparations, oils are usually rendered 
safer for the treatment of trees while retaining much of their 
destructive properties upon insect life. 

The commerial miscible oils are concentrated liquids and cost from 
so cents to $1.25 per gallon, depending on the quantity purchased. 
The preparation of the mixture for use is simple. The directions 
on the container usually advise the operator to dilute with water 
using one gallon of the miscible oil to twenty or twenty-five gallons 
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of water, and then to stir until an even distribution of the in- 
eredients is secured. The prepared spray usually contains no sedi- 
ment and there is ordinarily no clogging of the nozzles. 


EXPERIMENTS WITH MISCIBLE DANI? 


Following the general plan adopted by the Station in conducting 
tests of spraying mixtures for the control of the scale, separate 
blocks of apple, peach, pear and plum trees were selected for treat- 
ment. All the trees were thrifty, and, while they were not usually 
incrusted, the scales were plainly visible upon the bark. In each of 
the plats applications of miscible oils were made according to the 
printed directions, using various strengths; and, for the purpose of 
determining the comparative merits of the respective spraying mix- 
tures, the rows immediately adjacent to trees receiving the oil treat- 
ment were sprayed with the kerosene-limoid mixture and the sulphur 
washes. The miscible oils used in these tests were Scalecide, Kil-o- 
Scale and Surekill. All the trees were sprayed once and as soon 
as they were dry were treated again for the purpose of thoroughly 
covering the parts imperfectly coated by the first application. ‘These 
tests were made in seven orchards. This bulletin contains the de- 
tails of the work in three of the orchards which are fairly repre- 
sentative and which are sufficient to indicate the trend of the results 
of the experiments. The number of trees in these three orchards 
sprayed with miscible oils is 1368, divided as follows: Orchard 1, 
43 trees; Orchard II, 46 trees; and Orchard III, 1279 trees. 


eA SAND RESUS OF EX PERIMENTS, 
’ ORCHARD I. 


In this orchard 33 plums of ten years of age and Io apples of 
twenty-three years of age were sprayed with Scalecide or Kil-o- 
Scale at the rate of one part of miscible oil to either fifteen or 
twenty parts of water. The applications were made December 13, 
1905. All trees, especially the apples, were well infested with the 
scale. Blossoming .commenced May 4 and continued till May 106. 
A number of trees did not blossom. ‘This, it is thought, was not 
attributable to the treatment. With this exception the appearance 
of the trees was normal. 
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Results on scale: Plums.— On June 17, 1906, active young scale 
insects were detected on all trees with the exception of the plums 
sprayed with the sulphur washes. The breeding of the scale con- 
tinued throughout the summer ; and by fall the worst infested trees 
that had received treatment with Scalecide and Kil-o-Scale had 
more scales than in the previous year. On the moderately infested 
trees the results with the miscible oil compared favorably with those 
obtained by the sulphur washes. 

Apples— On May 4 an examination of a number of branches 
showed that about one-half of the scales were alive on trees sprayed 
with Scalecide and Kil-o-Scale, the applications of these oils proving 
much less effective on apples than on plums. ‘There was also some 
spotting of the fruit by the scale on the trees sprayed with the 
sulphur washes but the blemishes were much less abundant and less 
conspicious than on the apples from the trees sprayed with the 
miscible oils. Two of the trees sprayed with Scalecide were so 
badly injured by the scale that the owner cut them down in the 
fall of 1906. 

ORCHARD II. 

In this orchard 14 apple trees of twelve years of age, 24 plum 
trees of eight years of age, 6 peach trees of five years of age, and 
2 cherry trees of five years of age, were sprayed with either Kil-o- 
Scale, Scalecide or Surekill, using one part of the miscible oil to 
either fifteen, twenty or twenty-five parts of water. The appli- 
cations were made on April 23, 1906. Every tree in this block was 
well infested and occasionally one was much incrusted. 

Results on scale-— On May 3 blossoming commenced which was 
normal for all trees with the exception of two plums and six peaches 
which showed much retardation of the fruit and leaf buds by the 
miscible oils. Three of the injured peaches died during the early 
summer. On June 22, a few young scales were found on plums 
sprayed with one part of Scalecide to twenty parts of water. Two 
peaches that were much incrusted with the scale in 1905 showed, 
as a result of the treatment with Scalecide at the rate of one part to 
fifteen parts of water, hardly any evidences of larval activity. 
During the summer these two trees produced much new growth 
which was free of scale throughout the season. All the apples, 
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peaches and cherries sprayed with Scalecide at the rate of one part 
to twenty parts of water were so badly infested that resort had to 
be made to summer spraying to save the trees. Kil-o-Scale at the 
strength of one part to fifteen parts of water practically destroyed 
the scale, as there was very little evidence, even late in the fall, 
of larval activity. Preparations of Kil-o-Scale in the proportions 
of one part to twenty of water killed a large percentage of the 
scales. This enabled the trees to make a good growth, and they 
showed only a slight amount of infestation. Surekill was less 
effective in this experiment than either Scalecide or Kil-o-Scale, and 
applications of Surekill at rates of one part to either twenty or 
twenty-five parts of water had no appreciable effects upon the scale, 
as the trees sprayed with this preparation were, at the end of the 
summer, as badly infested as the checks. 


ORCHARD III. 


In this experiment 447 apple trees of five to eight years of age, 
384 pear trees of seven years of age, and 448 peach trees of five 
years of age, making a total of 1,279 trees, were sprayed with 
Scalecide during April, 1906. This spray was used at two strengths. 
One lot of 416 trees, including the three kinds of fruit, was sprayed 
with one part of the miscible oil diluted with ten parts of water and 
another lot of 863 trees was treated at the recommended strength 
of one part of the oil to twenty parts of water. The orchards were 
especially adapted for the purpose, as the trees have been given good 
care, and were thrifty and small in size. In the past, the owner has 
used clear oils, mechanical oil-emulsions, kerosene-lime wash and a 
small quantity of the sulphur wash to control the scale. This pest 
has been present in the orchards for about six years. ‘The infesta- 
tion varied with the individual trees but there was hardly a tree that 
did not have a good sprinkling of the scale, and many trees in each 
row showed more or less incrustation. In this experiment the rows 
immediately adjacent to a row treated with Scalecide were sprayed 
with kerosene-lime wash (15 per ct. or 30 per ct. oil) and the 
boiled lime-sulphur wash. In each block of the different kinds of 
fruit, one row was left unsprayed as a check. 

Results on scale-— Many scales were not affected by the treatment 
with Scalecide, using one part diluted with twenty parts of water. 
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Early in June active larvee were abundant on trees receiving this 
treatment. An examination of the orchards on Aug. 15 showed 
that the trees, especially the apples, were but very little better, on 
the average, with respect to the scale than the checks. Many pears, 
and some apples, were too much spotted with scale to grade as firsts. 
Similar conditions with respect to scale existed on a large part of the 
trees sprayed with kerosene-lime wash containing 15 per ct. of oil. 
The applications of Scalecide containing one part to ten parts of 
water showed some variation in their effects upon scale. Some of 
the treatments were quite as effective as the sulphur washes, while 
others were noticeably less efficient. There was hardly a tree that 
did not show more or less living scale at the base of the new growth. 
Likewise there was more or less spotting of the fruit, especially of 
the pears, but on the whole, the scale was sufficiently controlled by 
the 10 per ct. miscible oil to maintain the thriftiness of the trees 
and to insure the production of fairly clean fruit. The trees sprayed 
with the sulphur washes, while showing more or less evidence of 
living scales, had their new growth more uniformly free of scale and 
the fruit comparatively clean. The results on fruits were especially 
marked in the case of the pears, for the sulphur-treated trees pro- 
duced a remarkably clean crop while the yield from the trees sprayed 
with 10 per ct. miscible oil showed more or less spotting by the scale. 


SUMINARY OP RESUS: 

Fall applications of Scalecide and Kil-o-Scale in the proportions 
of one part to either fifteen or twenty parts of water caused no 
appreciable injuries to fruit or leaf buds. The effectiveness of these 
preparations upon the scales was variable. On the moderately in- 
fested plum trees the numbers of the scales destroyed by the sprays 
in these proportions compared favorably with the results obtained 
by the sulphur washes, while badly infested plum and apple trees 
received very little benefit by similar applications of the commercial 
preparations. In the tests conducted in the spring, applications of 
one part of Scalecide to twenty parts of water usually failed to 
control the scales, but when this spray was used in stronger mix- 
tures, of one part to either ten or fifteen parts of water, the new 
growth and fruit of the trees were kept quite clean. One applica- 


New York AGRICULTURAL EXPERIMENT STATION. 295 


tion of a sulphur wash was usually more effective than one applica- 
tion of a miscible oil in either of these proportions. Jn one test 
Kil-o-Scale at the rate of one part to twenty parts of water proved 
more effective than a mixture of Scalecide in the same proportions, 
but on the whole there was very little difference in the relative 
effectiveness of these sprays when the amount of dilution was the 
same. Surekill applied as recommended had no appreciable effects 
upon the scales. 


CONCLUSIONS: 

Applications of proprietary miscible oils at the rate of one part 
of oil to twenty or twenty-five parts of water, as recommended in 
the printed directions, did not give uniform results on the scale. 
Trees sprayed with these strengths in the fall or in the spring 
usually showed more or less spotting of the fruit and varying 
infestation of the new growth. Ordinarily not enough scale was 
destroyed by the miscible oils, in these proportions, to warrant a 
fruit-grower taking chances on the trees, unless supplementary sum- 
mer or fall treatments are to be made. The treatments were usually 
much more effective on trees that were slightly infested than on 
those showing incrustation of the scale. Surekill was the least 
efficient of the miscible oils that were tested. 

Applications of a miscible oil in the spring at the rate of one part 
of oil to ten or fifteen parts water, while uniformly more destruc- 
tive to the scale than the weaker preparations, were usually not 
quite so effective as the sulphur washes. Preparations of miscible 
oils in these proportions killed enough of the scale to maintain the 
vigor of the trees and to secure fairly clean fruit yields. 


DIRECTIONS. bORe USING MISCIBLE OILS. 


On the basis of these experiments it is evident that the miscible 
oils tested must be used stronger than is recommended by their 
compounders to obtain satisfactory results on the scale. There- 
fore instead of using one part of oil to twenty or twenty-five parts 
_ of water the orchardist is advised to use at least one part of the 
miscible oil to ten or fifteen parts of water. Before measuring out 
the required quantity from its container, vigorously stir or shake 
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the miscible oil to secure a thorough distribution of its ingredients. 
The failure to follow the directions in this respect is undoubtedly 
responsible for some of the poor results with these preparations. 
Before making applications, the oil and water should be well mixed 
by the spraying agitator. Spray in the spring as the buds are 
swelling, during a period of clear weather when the trees are dry. 
The applications must be thorough so that all parcs of the trees are 
completely wet with the spray. If the base of the new growth 
should during the summer show quite a little infestation, then spray 
again in the fall as soon as the majority of the leaves have fallen. 
Spraying in the fall, especially of peaches and plums, is usually not 
advisable because of the risk of injury to fruit buds. But rather 
than run the chances of the continuation of injuries by the late 
breeding of the scale or the neglect of the treatment in the spring, 
fall spraying is advised, as the increased vigor and usefulness of 
the trees arising from the control of the scale will more than com- 
pensate for probable losses in fruit yields. 

The miscible oils are commercial insecticides and therefore the 
orchardist should understand that the reliability of the prepara- 
tions rests solely with the compounder. These sprays are simple 
to prepare and they are discharged from the nozzle as an even 
mist, as there is usually no sediment or clogging of the nozzle 
apertures. At a price of fifty cents a gallon for the stock material, 
miscible oil in the proportions of one part to ten parts of water 
will cost about $2.50 per barrel of fifty gallons which is about five 
times the cost of the raw materials for making one barrel of a 
sulphur wash. Because of the ease in which they may be prepared 
for use, they are convenient sprays for the treatment of a few 
trees and of small orchards. The cost of the miscible oils in the 
proportions of one part to ten or fifteen parts of water makes their 
use almost prohibitive for commercial orchardists who desire a. 
safe and comparatively cheap oil spray. Compounders of commer- 
cial insecticides should endeavor to produce a reliable miscible oil 
that is cheaper than present brands, as there is demand for an 
efficient and economical spray that may be prepared for use with 
greater ease than some of the present remedies, 
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ihe PILE ANDERE ARM TTES.* 


Pee eARROL), HH, FE. HODGKISSMND WJ. SCHOENE: 


SUMMARY. 


This bulletin is a preliminary treatise upon the Eriophyidae, a 
group of plant-inhabiting mites of increasing economic importance, 
in which special attention is given to the species thriving upon the 
apple and the pear. This investigation was undertaken because of 
the appearance of the leaf blister-mite upon apple foliage, and its 
widespread distribution in destructive numbers in the apple orchards 
of Ontario, Orleans, Wayne and Niagara counties. 

In the study of the mites upon apple and pear leaves, five species 
have been recognized, which are Eriophyes malifoliae Parr., 
Enophyes pyri (Pgst.) Nal., Eriophyes pyrt var. variolata Nal., 
Phyllocopies schlechtendah Nal., and Epitrimerus pyri Nal. With 
the exception of the former, which is new, these species were first 
recorded from Europe. Eriophyes pyri (Pgst.) Nal., known as the 
leaf blister-mite, is the most abundant species and is responsible for 
the conspicuous injuries to apple foliage. 

The leaf blister-mite is a small, vermiform, four-legged animal, 
about one one-hundred and twenty-fifth of an inch in length and 
hardly visible to the unaided eye. It hibernates in the buds and 
with the maturing of the bud scales seeks the tender leaves, which 
it punctures, producing light green and reddish pimples. These 
develop into galls or blisters of a blackish or reddish brown color, 
depending on the kind and the variety of fruit. Besides the pear 
and the apple, the mite attacks the service berry, the common 
cotoneaster, the white beam tree, and the mountain ash. It is an 
important pest of the pear in nurseries and of apple and pear 
orchards. 


*A reprint of Bulletin No. 283 
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Nursery stock is commonly infested; and, when the mite is abun- 
dant, pear foliage is much discolored, and the young trees may be 
stunted through the destruction of the terminal leaves of the new 
growth. The appearance of the mite for successive years in the 
nursery is due to methods of budding. The experiments to control 
the mite in nurseries are not completed, but it is believed that the © 
pest can be eliminated from the nursery by the selection of buds 
from clean stock, and by the fumigation of budding sticks. 

In the experiments upon apple trees comparative tests have been 
made with kerosene oil, miscible oil, kerosene emulsion, whale oil 
soap and the sulphur washes; and of these sprays, kerosene either 
clear or emulsified, and the miscible oil, proved the most efficient 
remedies for the mite. Because of its safe qualities and cheapness, 
kerosene emulsion, diluted with five parts of water, applied during 
the dormant season, appears to be the most practical remedy for the 
spraying of apple orchards, when treatment is advisable. The mite 
may be efficiently controlled upon pear trees by careful pruning 
and by spraying during the late fall or early spring with kerosene 
emulsion, miscible oils or the sulphur washes. The mite is much 
more readily controlled upon pear trees than upon apple trees. 
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INTRODUCTION. 


The apple has many insect enemies, and hardly a year passes but 
that a species develops in sufficient numbers to alarm the fruit- 
growers of this State. The rapid rise of a common insect, from 
comparative obscurity to a position of first prominence within one 
season, followed in turn by its almost complete disappearance in as 
short an interval of time, is one of the most interesting phases of 
animal life. Insects are especially capricious and their behavior 
in this respect is not entirely unexpected; but that a mite which 
had no reputation in this capacity and whose presence was entirely 
unsuspected, and not an insect, should so completely overrun our 
apple orchards brings surprise to many fruitgrowers. This mite 
has been on the increase during the past four years, and by its 
abundance and its conspicuous work on apple foliage, has caused 
quite a little apprehension among apple growers. Added interest 
has been given to the progress of this creature because of the grow- 
ing importance of spray injuries, with which the work of the mite 
has been confused. In conducting the investigation to determine 
the cause and means of prevention of the peculiar diseased condi- 
tions of apple leaves it was found necessary to include the pear, as 
several species of mites are common to both fruits. 

In the study of the mites subsisting upon apple and pear leaves, 
four species, all of foreign origin, have been distinguished, the more 
important being Eriophyes pyri (Pgst.) Nal., long recognized as a 
destructive pest of the pear. This group of plant-inhabiting mites 
is little understood, and that there may be a greater appreciation 
of them, especially of the species under discussion, an introductory 
review is given of the Eriophyidae as a preliminary to a more ex- 
tensive treatise. 

Special acknowledgments are due to Dr. Alfred Nalepa, of 
Vienna, who has verified all the determinations and has furnished 
copies of his valuable monographs upon the Eriophyidae, which 
have been freely consulted. Prof. J. H. Comstock of Cornell Uni- 
versity has kindly given much advice upon methods of making per- 
manent mounts and has allowed the use of his library for reference 
purposes. Dr. Karl Rechinger, Vienna, and Mr. Edward T. Con- 
nold, St. Leonards-on-Sea, England, contributed a number of pho- 
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tographic prints and mounted specimens, illustrating the work of 
Eriophyes pyri upon its various host plants. For the determina- 
tion of various species of Gamasidae we are indebted to Dr. L. O. 
Howard, of.the U. S. Bureau of Entomology. 


THE MITES. 


The mites belong to the Acarina which constitutes an order of 
the class Arachnida. Related forms are the true spiders, daddy- 
legs and scorpions. Because of their unattractive appearance and 
habits, and obscure structural characters, they have not been of the 
popular interest that obtains with the insects. To the average per- 
son, they are practically unknown. Nevertheless, they are common 
and abundant. Banks states that about three hundred and fifty 
species are recorded from this country where a thousand or more 
probably exist. A large number of the mites play an important 
role in human economy. Among the more prominent species are 
the cattle tick, the leaf blister-mite, the red mite, and the chicken 
mites, all of which are first class pests. Some of the mites find 
their subsistence upon animals and others thrive upon plants. One 
of the important groups of plant-feeders is the Eriophyidae which 
contains the species mentioned. 


THE ARIOPHY IDA. 
STRUCTURE. 


The mites included in this family are small four-legged animals 
ot a vermiform shape, that are hardly visible to the unaided eye. 
They vary in size according to the species. The female of Eriophyes 
mentharius Can., which is one of the largest known mites, is 310 
microns (one-eightieth of an inch) long, while the female of the 
Eriophyes parvulus Nal., the smallest known species, is 100 microns 
(one two hundred and fiftieth of an inch) long. The body has two 
distinct parts: ‘The anterior which is broad and short, and which 
consists of a head fused with a thorax, and is known as the cephalo- 
thorax; and the posterior or abdomen, which is much longer, and 
is annulated and tapering. 

The head appears as a pointed snout which is bent and directed 
downwards. ‘This contains two minute slender stylets, called man- 
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dibles, which serve for puncturing. On each side of the rostrum 
there is a three-jointed maxillary palpus used as an antenna. The 
second segment of the palpus has on its dorsal side one hair. Close 
to the rostrum there are two pairs of legs, one pair to a side, which 
are of similar size and shape. These project forward and are five 
segmented. A few small hairs are usually present on all but the 
basal segment, which are constant. Segment 2 has a short fine 
hair, segment 3 has a long stiff hair, and segment 5 has one long 
hair on the outer margin and a small one on the inner margin. The 
apical segment also has a small cylindrical claw which is sometimes 
swollen at the tip. Beneath the claw is a plumose hair, called a 
feathered hair, which ordinarily has four or five rays. In the region 
about the base of the rostrum and between the legs are three pairs 
of hairs, known as thoracic setae I, 2, 3, respectively. The dorsum 
of the cephalothorax has one pair of hairs, the dorsal setae, and is 
often marked with sculptural designs which afford important taxo- 
nomic characters. 

The abdomen is cylindrical and is transversely striated, giving 
the appearance of narrow rings. The number of striae may vary 
with the species. With some species the body is evenly ringed all 
round, and in others the number of rings on ventrum is larger than 
on dorsum. Between the rings are frequently small tubercles 
which are only apparent when highly magnified. At the extremity 
of the abdomen are two semicircular flaps, which may be at will 
brought closely together or withdrawn, and which serve for pur- 
poses of grasping and locomotion. Below the flaps is the anal open- 
ing. The genital openings are situated on the ventral surface of 
the abdomen close to the thorax. In the female the external por- 
tion, the epigynium, consists of two parts, a semicircular opening 
with a raised chitinous margin and a flaplike cover, while that of 
the male, the epiandrium, is smaller and appears as a simple open- 
ing, sometimes arched shape, with thickened margins. On the 
dorsum of the abdominal flaps there are two long whiplike bristles, 
the caudal setae, and usually two accessory hairs which are short 
and stiff. The abdomen has five other pairs of bristles. One pair 
is at the sides of the genital opening and is known as the genital 
setae. Near the margin of the body, beyond the genital opening, 
is one pair of lateral setae. The remaining pairs are also on ventral 
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surface and are known as ventral setae. Ventral setae (1) are 
always the longest, ventral setae (2) are usually very short, and 
ventral setae (3) are as a rule longer than (2) and are on the fifth 
or sixth ring from the end of the abdomen. 


LIFE STAGES. 


The eggs of mites are round, elliptical or oval, and have a thin 
delicate chitinous covering. They are whitish or yellowish in color, 
and are quite large compared with the size of the parent. The 
young larvae are similar in appearance to the adults and are dis- 
tinguished from, them only by their smaller size, the less number 
of the setae, and the absence of the external parts of the genital 
organs. The nymph shows a further approach to the adult size and 
a greater development of the genital organs. 


HABITS. 


The Eriophyidae are plant feeders and for the most part confine 
their operations to the buds and leaves. Many mites cause excres- 
ences or galls and other deformities on the parts of the plant at- 
tacked, in which they find their habitation and subsistence, while 
others live as inquilines in the galls of other species or are vagrant, 
showing, with the exception of such forms as the citrus mite and 
peach leaf mite, little or no evidences of their feeding. The 
growths due to the work of mites were divided by Thomas? into 
Acrocecidii and Pleurocecidii. Under the former are included ab- 
normal swelling of the buds and irregular bud growth. To the latter 
belong leaf galls, leaf blisters, folding and rolling of the leaves, 
unnatural coloring and chlorosis of the leaves. These hypertrophies 
of plants puzzled early investigators, who, little understanding the 
work of mites, classified the growths according to their form for 
convenience of reference. Among the more important genera estab- 
lished on this basis were Taphrina, Erineum and Phyllerium for 
abnormal hairy or fuzzy growths, Volvolifex for rolled edges of 
leaves, and Cephaloneon for distinct galls. These terms were com- 
monly employed in the early literature upon mites. 


*Thomas F. Ztschr. Naturw., 42:513. 1873. 
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HISTORY OF FAMILY. 


The mites were first discussed in a vague manner by Reaumur! 
in 1737, who apparently observed some specimens of a mite, now 
known as Eriophyes tiliae, in galls upon the leaves of the lime 
tree. Later Turpin? examined the same species and named it Sar- 
coptes gallarum tiliae. In 1834 Duges® mentioned the observa- 
tions of Turpin upon this species and expressed the opinion that 
the mites were larval forms of Dermanyssus, believing that all adult 
Acarina never possess less than four pair of legs. Siebold* in 
1850 considered the mites as larvae, and suggested that they possi- 
bly propagated asexually and that the adult form was yet to be 
found. He provisionally employed the term Eriophyes to designate 
these creatures. During 1851 Dujardin® established the genus 
Phytoptus for two forms of mites upon linden and willow respec- 
tively, which he characterized as possessing only two pair of legs, 
an annulated abdomen and degenerated mouthparts. Dujardin 
detected ova in the abdomen and considered the mites adult forms. 
The true nature of the adult mite was conclusively shown by Lan- 
dois® in 1864, after a careful study of the mite, Eriophyes vitis, an 
important pest of the grape. This group of mites has long been 
known as Phytoptidae which was formed on the genus Phytoptus 
of Dujardin, but lately writers have accepted Eriophyes (Siebold) 
which has one year’s priority. 


SYNOPSES OF GENERA. 


The following synopses, which are based on Nalepa’s descrip- 
tions, give the essential characters of the genera and serve for their 
identification. In point of numbers, Eriophyes is the most import- 
ant-genus, followed in order by Phyllocoptes, Epitrimerus, Oxy- 
pleurites and Tegonotus, which include all of the known species 


recorded in the United States. 


*Memoires sour servir @ hist. des Insectes. Paris, 1737, 111: pp. 423-511. 

-Floriep’s Notizen, Weimar, 47:65. 1836. 

Ann. Sci. Nat. Zool., Paris, 1834, p. 104. 

*Achtundzwangister Jahresber. d. schlesischen Ges. f. vaterl. Cultur, 
Breslau, 1850, Zweite Ber. iiber die Arb. d. entomolog. Section, S, 88-8o. 

5 Ann. Sct. Nat. Zool. Paris, 1851, p. 166. 

*Ztschr. wiss. Zool., 142353-364. 1864. 
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ErropHyes (Sieb.) Nal.— Dorsum and ventrum of abdomen with about the 
same number of strie. Ventrum always punctured. Dorsum usually 
punctured, seldom partly or entirely smooth. Abdomen cylindrical, 
vermiform or slightly fusiform, seldom conspicuously wide behind 
shield. 

Monocuetus Nal.— Similar to Eriophyes, with a longitudinal furrow on 
dorsum of abdomen. 

Puy tiocoptes Nal.— Strie numerous and narrow, seldom broad, gradually 
becoming narrower towards end of abdomen. Annulation of posterior 
portion of abdomen not distinct from remainder of abdomen. Dorsum 
smooth, not usually punctured. Ventrum with narrow strize, always 
punctured. 

Antuocortes Nal.— Anterior portion of dorsum of abdomen with few 
broad striz, not punctured; posterior part with narrow striz. Ventrum 
always punctured, with many narrow strize. 

Trconotus Nal.—Dorsum of abdomen ridged and highly arched; striz 
with toothlike projections on median. Ventrum flattened, punctured, 
with narrow striz. 

EpiItRIMERUS Nal. Abdomen behind shield broad with two longitudinal 
furrows on dorsum, highly arched. Strie on dorsum narrow, numer- 
ous, smooth or punctured. 

OxypLeuriTes Nal.— Few or all of striz on dorsum with tooth or spine 
like projections on side. Abdomen much ridged or arched at the 
middle, with flattened sides. Shield large with anterior margin much 
extended. 

CALLyNtTROoTUS Nal.— Dorsum of abdomen with longitudinal rows of short 
spine-like projections. Ventrum punctured, with narrow striz. 

ParApHytortus Nal.— Dorsal and ventral strie on anterior portion of 
abdomen similar. Posterior strie on dorsum much broader. Anterior 
part of abdomen similar to Eriophyes, and posterior part resembling 
Phyllocoptes. 


LIST OF AMERICAN SPECIES AND HOST PLANTS. 


(1) Eriophyes thujae Garman. 

Occurs on the leaves of the American arbor vitae, Thuja 
occidentalis L. 

(2) Eriophyes salicicola Garman. 

This mite thrives on the leaves of Salix longifolia Muhl., 
producing a narrow longitudinal upward fold, which extends down 
the entire length of the leaf. 

(3) Cectdobia (?) salicicola Banks. 

On willow from Colorado. The mite is responsible for galls 

which extend a little above both surfaces of the leaf. 
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(4) Eriophyes querct Garman. 

Produces galls on the leaves of the bur-oak, Quercus macro- 
carpa Michx. 

(5) Eriophyes ulmi Garman. 

Produces galls on the leaves of the white elm, Ulmus 
americana L. 

(6) Eriophyes abnormis Garman. 

Found on the American linden or basswood, Tilia amer- 
icana L., causing top-shaped galls on the leaves. The galls are 
similar to Ceratoneon extensum Bremi on Tilia platyphyllos Scop., 
produced by Eriophyes. tiliae (Pgst.) Nal., which is common in 
Central Europe. 

(7) Eriophyes acericola Garman. 

Causes fusiform galls on the leaves of the sugar maple, Acer 
saccharum Marsh. The galls resemble Ceratoneon vulgare Bremi, 
produced by Eriophyes macrorhynchus Nal. on Acer pseudoplatanus 
L., growing in Europe. 

(8) Phyllocoptes quadripes Shimer. 

Produces spherical galls on the leaves of soft maple, Acer 
saccharinum L., and is a species of growing importance to shade 
trees. The galls are similar to Cephaloneon solttarum Bremi. In 
Central Europe Eriophyes macrochelus Nal. makes similar galls 
on Acer campestre L. 

(9) Eriophyes vitis Landois. 

Attacks the grape, Vitis vinifera L., and is a serious pest in | 
Central Europe, Italy and California. It is responsible for Phyl- 
lerium vitis Fries. which occurs on grape foliage. 

(10) Eriophyes pyri (Pgst.) Nal. 

A common pest on the leaves of apple, Pyrus malus and 
pear, Pyrus communis L, in Europe and the United States. 
(11) Phyllocoptes schlechtendali Nal. 

On Pyrus malus L., and Pyrus communts L., in Central 
Europe and is very common on apple foliage in the United States. 
(12) Epitrimerus pyri Nal. 

On foliage of pear, Pyrus communis L., in Central Europe | 
and the United States. 

20 
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(13) Eriophyes prunt Schoene. (in MS.) 

Produces galls on the leaves of the wild plum, Prunus 
americana Marsh. This species has been confused with FE. padi 
Nal., but it differs from the latter in that the accessory setae are 
present. The galls are similar to Ceratoneon attenuatum Bremi, 
caused by Eriophyes padi Nal. on Prunus padus L. 

(14) Ertophyes phloeocoptes Nal. 

On Prunus domestica L., in Central Europe, Italy and the 
United States. The mites cause roundish galls at the base of buds 
and new growth. It is said to reduce the size of the fruit and crop 
production. 

(15) Phyllocoptes cornutus Banks. 

On peach, Amygdalus persica L. This species lives free on 
peach leaves and occurs in the Eastern States. The mite is said 
to produce a sort of a silvery sheen upon the leaf which is readily 
discernible when the light in shining on it. 

(16) Eriophyes fraxint Garman. 

Produces depressed wart-like galls on the leaves of the 
green ash, Fraxinus viridis Michx. 
(17) Eriophyes gossypii Banks. 

Found upon cotton in the West Indian Islands where it is 
very destructive. The mite causes galls which, when abundant, 
make the leaves unshapely. Severe infestation seriously affects the 
value of the cotton crop. , 

(18) Ertophyes oleivorus Ashmead. 

Attacks the orange and the lemon and is a destructive pest 
of these fruits in Florida and California. It is popularly known as 
the rust mite because of the russetted appearance of the fruit, at- 
tending the injuries by the mite. ? 


THE PEAR AND APPLE MITES. 
The mites infesting apple and pear foliage were, with one excep- 
tion, first recorded from Europe. Five species are there recognized 
thriving upon these fruits, which are Eriophyes malinus Nal., 
Eriophyes pyri (Pgst.) Nal., Eriophyes pyri var. variolata Nal., 
Epitrimerus pyri Nal., and Phyllocoptes schlechtendali Nal. Of 
this number Eriophyes pyri is regarded as the more important 
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species. In the study of the mites attacking apple and pear leaves 
in this State, all but Eriophyes malinus have been identified. Erio- 
phyes pyri is the most abundant and is responsible for the recent 
conspicuous injuries to apple and pear foliage. Lpitrimerus pyri 
and Phyllocoptes schlectendali have been quite numerous and appear 
to be more common here than on the Continent. The behavior of 
these two species in the future is a matter of interest as both seem 
to have possibilities of developing to greater economic importance. 
In addition to the above list of mites attacking pomes, another 
species, which is new and which has been designated Eriophyes 
malifoliae, is recorded for the first time. The known species of 
mites upon apple and pear may be separated by the accompanying 
table. 


TABLE OF APPLE- AND PEAR-AFFECTING SPECIES OF MITES. 


Mammher Gt dorsal; and ventral strie about ‘equal. ....4... 4.000. eon ee 2 
ay Number of strize on dorsum less than those on venter................ 5 
Riri Wit SIS ALY SURI 5 ew vie, wins m vy she 25m) v's .n lm aie ov ocheln pe 8 on &: 
al PVOMICAneMWitlieless Tiialt CIO MEY SLEW... cai. s Wid ac cries okt ca bau ne va Qllaete os 4 
Perrermern icly NUncrired two. cosa bs Mb Oke etaptatees ps aS Ertophyes pyri 

3 | Abdomen Goatsely punctured tal. «com. Obs Eriophyes pyri var. vartolata 
Prom everimiiterin, witht iity Strideve.. socio e oe Soe kn Eriophyes malinus 
4 Body abruptly acuminate, with about seventy strie.Eriophyes malifohae 
Dorsum of abdomen with two longitudinal furrows....Epitrimerus pyr. 
eel of abdomen without furrows....... Phyllocoptes schlechtendalt 


THE DEAR Bills LER MELE. 
PRiIOPHYyESiP VRE CEG L.). NAL: 


Phytoptus pyri. H. Av. PacenstecHer. Verhandl. Naturhist. Med. Ver. 
Heidelberg. 1:48. 1857. 

Phytoptus pyri. Navepa, A. Anz. K. Akad. Wiss. [Vienna], 26:162. 
1880. 

Phytoptus pyri. Narepa, A. Sitzber. K. Akad. Wiss. [Vienna], 99:50. 1890. 

Phytoptus arianus, Ph. cotoneastri, Ph. sorbi. CANEsTRINI, G. Alti Soc. 
Vencto-Trentina di Sci. Nat. 12:16, 20, 21. 1890. 

Phytoptus aroniae. CANESTRINI, G. Difesa dai Parassiti, 1:282, 1890. 

Erniophyes piri. Navepa, A. Das Tierreich, Acarina, Eriophyidae, p. 25. 


1808, 
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SYSTEMATIC REBPATION SET a: 
HISTORICAL. 


In 1857, A. Scheuten! discovered that the pustular spots of pear 
leaves were due to the work of mites, but in common with other 
workers of his day, notably Duges, he drew some erroneous conclu- 
sions from the specimens of mites representing several species, 
taken from the pear leaves, which he had under observation. The 
blister-mite was considered by him as a larva, a gamasid which was 
a vagrant guest or was feeding on the blister-mite was believed to 
be the adult, and a hypopus was regarded as an intermediate form. 
Scheuten designated the supposed adult as Typhlodromus pyri, by 
which the blister-mite was known in literature for many years. 

During the same year Pagenstecher? published some notes upon 
a number of mites, in which he merely mentions the leaf blister- 
mite and names it Phytoptus pyri, without giving a description. 
The mite was later studied by Nalepa? who in 1890 fully described 
and illustrated the external anatomy of it, which was the first 
adequate description of the species. 


*Scheuten, M. A. Troschel’s Archives, 1857, p. 104:—His descriptions of 
the supposed stages of the mite are briefly as follows: 

Larva.—A small white vermicle, 0.10-0.18 mill. in length and 0.025-0.040 
mill. in breadth. Body covered with transverse strize, which when highly 
magnified, prove to be firm, tubercular ribs, forming a strong shield. Animal 
with four short legs, inserted near rostrum. Body long, of uniform breadth 
with blunt termination, furnished with a pair of long undulated bristles. 
Between them are two smaller ones. Sides bear some bristles, which appear 
to support body in motion. Legs five-jointed, terminated by long nail or 
claw. Rostrum forms a truncated cone, containing sucking tube. 

Intermediate form.— Similar to a mite, but much smaller, with four pairs 
of legs, the anterior forming stumps, the posterior styliform, terminating in 
two bristles. 

Mite.— Form of mite oval, 0.30-0.34 mill. in length and 0.17-0.19 mill. in 
breadth. Mouth conical, acute and retractile. Palpi, five jointed, obtuse 
and strongly hairy, with apical joint set with bristles. Antennal jaws undis- 
tinguishable in living animals, but in glycerine preparations two clawlike 
jaws are seen. Palpi half-amalgamated with rostrum. Legs seven jointed, 
first pair distinctly longer than the rest, the two intermediate pairs shortest. 
Tarsal joint furnished with small funnel-shaped sucker which can be con- 
tracted, so as to appear like a simple claw on the first pair of legs, when 
employed in feeding. 

*>Verhandl. Naturhist. Med. Ver. Heidelberg, 1:48, 1857. 

* Sitzber. K. Akad. Wiss. [Vienna], 99:50, 1800. ale 
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DESGhIGLIONS ANDIEIBE HISTORY. 
DESCRIPTION OF LIFE STAGES. 


Egg.— The egg is translucent and whitish. It is oval in shape, 
with bluntly rounded ends. The longer axis measures about 46 
microns and the shorter axis is about 35 microns. The eggs are at 
least one week in hatching and the maximum number detected in 
one gall at the same time is fourteen. They may be found in the 
galls of the leaves from April to September. Oviposition also occurs 
in the buds. The eggs are deposited indiscriminately in the galls, 
at the base of the bud scales and in the pubescence of the buds. 

Larva.—Length, 70 microns. The shield is smooth, with indis- 
tinct sculpturing. The striae of the abdomen are visible but are 
not apparent on the outline of the body. The punctuation is fine. 
The external genital parts are wanting. The legs are short and 
stout. The feathered hair has four rays and the claw is longer 
than the feathered hair. The caudal and accessory setae are of 
medium length. The lateral and ventral setae are of medium length 
and proportional to the size of the creature. The anal lobes are 
small. The larva is slightly active and exists in a rather curved 
position buried in the substance of the gall. 

Adult.—The mite is usually white, with some individuals in each 
colony of a pinkish red color. The annulation and fine tubercles, 
which appear as minute punctures, are visible. Viewed dorsally, 
the lateral setae with basal tubercles are very prominent. | 

The body is cylindrical, annulated, gradually tapering to posterior 
segments. The cephalothorax is small and semicircular, sculptur- 
ing consisting principally of three irregular lines in median area, 
running from anterior to posterior margins. ‘The rostrum is large, 
slightly curved and directed downward. The legs are strong and 
of rather even width, segment two being widest. The feathered 
hair is fine and inconspicuous, with four rays. The claw is small 
and slightly swollen at tip. Near distal end and outer margin of 
segment one, there is one long bristle, and a short one is on the 
opposite side. On segments two and four there is one short hair 
on outer margin. The epimera are quadrangular and rather long. 
Three pairs of thoracic setae are present. The third pair are longest 
and are situated in the basal portion of the second pair of epimera. 
The second pair of setae are somewhat shorter and are near 
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epimeral angle, being a little anterior of the third pair and nearer 
the sternal ridge. The first pair of thoracic setae are short and 
fine, and are near the base of the rostrum and just anterior of the 
second pair of setae. 

The abdomen has about eighty rings. The tubercles are small, 
appearing, unless carefully focused, as chitinous rings. The anal 
lobes are of moderate size. ‘Three pairs of ventral setae are pres- 
ent. The first pair are the longest and are slender. The second 
pair are very small and inconspicuous. The third pair of setae 
appear of the same thickness as the first pair but are not so long. 
The lateral setae are long and slender. ‘The genital setae are 
slender but shorter than the lateral pair. The caudal setae are 
long, thick at the base, gradually tapering to the tip. The acces- 
sory caudal setae are short and thick. The epigynium is small and 
semicircular. 

Specimens vary much in length. The average length of the 
females is from two to three hundred microns, and of the males 
from one hundred and sixty to one hundred and seventy-five 
microns, 


LIFE HISTORY. 


The winter is spent by the mites in the buds, preferably under 
the second and third layers of the bud scales. If the numbers are 
large they are often segregated into colonies, forming an entangled 
mass of fifty or more individuals in a depression or groove of the 
bud scale, more or less concealed by the pubescence. With the 
approach of warm weather in the spring the mites become active 
and may usually be seen in the greatest numbers toward the base 
of the growing bud scale where subsistence is obtained. Molting 
appears to take place about this time with many individuals of the 
colony, the cast skins being attached to the smooth portion at the 
top of the bud scale. As the buds burst there is a movement of 
the mites to the unfolded leaves in which the eggs are deposited. 
This migration takes place with the maturing of the bud scales 
during the latter part of April and early May, depending on the 
season, soon after which the discoloration of the leaves by pale 
and red colored spots occurs. The mites burrow through the epi- 
dermis of the underside of the leaf and feed upon the cellular tissue 
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on the interior. The irritation produced by these operations gives 
rise to a thickening of the leaf which is known as a gall or blister. 
Within these galls eggs are deposited, and the young find subsist- 
ence, channeling in all directions, and develop to maturity. Through 
the tiny openings in the under surface of the gall the adults pass 
to and fro, and seek other spots to produce fresh galls in which to 
start new colonies. The production of young and the migration of 
adults is continuous through the growing season, and in favorable 
years the numbers of the mites are sufficient to completely infest 
the unfolding leaves of the new growth as they appear. Mature 
nites are present in the leaf tissues during the first week of May, 
and from then on through September eggs and larvae are present 
in the leaves. During the latter part of May and the first of June 
the mites in greatly increased numbers may be found in the pubes- 
cence of the young wood, upon the leaf stems and upon the unfold- 
ing leaves of the new growth. During October the mites largely 
abandon the leaves and swell the numbers already in hiding in the 
buds and in the pubescence of the bark of the new wood. Hiberna- 
tion occurs under the bud scales and apparently none of the mites 


pass the winter in the pubescence or in the crevices of the bark. 


ECONOMIC IMPORTANCE. 


The mite has largely attained its prominence as an orchard pest 
because of its destructive work on pear foliage. The literature 
upon this species is voluminous and it is almost entirely concerned 
with the economy of the mite in its relationship to pear growing. 
The references to the infestation of other plants are for the most 
part mere records of the host’s name and give no suggestion of the 
probable importance of the injuries committed by the mite. The 
work of the species in this capacity seems to be of little consequence, 
for important outbreaks would not have escaped the attention of 
economic workers. As a pear pest it is undoubtedly well known 
wherever this kind of fruit is grown. As such it is recognized in 
Europe, Russia, England, Canada, United States, Australia and 
Tasmania, and there are without doubt other countries where it is 


present. 
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THE MITE AN IMPORTANT FRUIT PEST. 


The mite was undoubtedly introduced at an early period into 
this country in foreign importations of nursery stock on either 
apple or pear trees and buds, and was probably well distributed in 
many fruit growing areas long before its presence was recognized. 
The first writer to direct attention to its appearance as an orchard 
pest in the United States was Mr. Townsend Glover,! Entomologist 
of the U. S. Dept. of Agriculture, who in May, 1872, received 
specimens of its work from a correspondent. Under his direction 
Mr. Thomas Taylor, microscopist, examined some of the pear 
leaves covered with dark brown blotches, which were said to be 
inhabited by myriads of small mites. ‘The species was thought to 
be somewhat similar to the mite mentioned by Packard as “ the 
Typhlodromus pyri of Scheuten,” known to infest pear trees in 
Europe. 

Before the meeting of the American Association for the Advance- 
ment of Science held at Saratoga, N. Y., August 1879, Dr. W. S. 
Barnard’ presented a paper on “bud blight insects,” attributing 
the brown and black blotches of pear leaves to the activities of 
mites. 

In 1880, Prof. Burrill called attention to a widespread disease 
of pear leaves in Illinois and in the country at large which was 
ascribed to the work of the mite, Phytoptus pyri. He mentions the 
fact of the hibernation of the mites under bud scales, and their 
probable dissemination in scions and buds. For the protection of 
affected trees the removal of the one year old wood and its destruc- 
tion by burning was suggested as a practical and efficient remedy. 

In succeeding years the work of this species was recognized in 
many States and was given widespread mention. In 1883° the 
mite was observed in large numbers upon imported Russian pear 
trees in experimental nurseries in Iowa. By 1886, the work of 
this creature was known in Michigan, and that year Prof. C. P. 


*U. S. Dept: Agr. Ropt.,. 1872, p. 113. | i 

* Packard’s Guide, 1860. ie 

* Scientific American (Supplement No. 207), p. 3302, Dec., 1879. i 

*Gardener’s Monthly, 22:18-19. Jan. 1880. 

* Osborn, H., Iowa State Hort. Soc. Rpt., 18:127-135, 1883. Ibid. Towa Ag. 
Coll. Bull. 2, p. 56, 1884. 
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Gillette! suggested the use of strong soap suds, kerosene emulsion 
or sulphur during the dormant season as means of control likely to 
give efficient results. Profs. Bailey and Dudley” in 1890 recorded 
an abundant infestation by this pest in the pear orchards of New 
York. In the same year, Profs. Comstock and Slingerland*® pub- 
lished the details of some interesting tests with kerosene emulsion 
to determine if applications to affected leaves would control inites. 
In this work only negative results were obtained. In the following 
year the presence of the pest was noted in Canada*, Delaware’, 
and Pennsylvania®. At the annual meeting of the Association of 
Economic Entomologists in 1892, Prof. Slingerland’ reported that 
thorough spraying of dormant buds had proven an efficient remedy 
for the protection of pear trees. At this same meeting the pest was 
recorded in excessive abundance in the pear orchards of Eastern 
New York, Ohio, and New Jersey. In 1894 the mite was regarded 
as being generally distributed in the pear growing belts of Iraho,® 
California? and Oregon. 


THE MITE AS AN APPLE PEST. 


The mite has long been known to infest apple trees on the Con- 
tinent but its work in this capacity in the United States is only of 
recent recognition. The pest has quite likely been present upon 
apple trees in New York for many years but important injuries by 
it were not brought to the Station’s attention till 1902, when it was 
found to be very abundant in W. P. Rogers’ orchard at William- 
son. In 1903 the infestation of these trees was more conspicuous 
and attracted considerable attention from the fruit-growers in 
attendance at the summer meeting of the State Fruit-Growers’ 


* Gillette, C. P., Mich. Hort. Soc. Rpt., 16:87, 1886 (1887). 
eineey. Cornell Sta: Bul. 19. Atig:, 1800. 

eee y Cornell Sta. Bul, 23, p. 107. Dec., 1800. 

*Fletcher, J.. Can. Exp. Farms Rpt., 1891, pp. 198-200. 

* Beckwith, M. H., Del. Exp. Sta. Rpt., 1891, pp. 80-90. 
*Buckhout, Penn. Exp. Sta. Rpt., 1891 (1892), p. 182. 
"Insect Life, 5:105. 18093. 

* Ibid, 7:202. 1805. 

* Ibid, 7:278, 1895. 
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Association, which was held in this village. Up to the present 
time its injurious numbers in this orchard have been maintained. 
During the same year Prof. M. V. Slingerland! observed through 
the central portion of the State numerous apple trees with many 
of their leaves showing the corky blisters characteristic of the work 
of this creature. ‘The mites continued to increase in their economic 
importance and in 1905 marked infestation of many orchards in 
Wayne, Ontario, Monroe and Niagara counties was noted. In 
1906 the mite was equally abundant in Livingston, Wyoming, 
Seneca and Yates Counties. Jn his apple orchard survey of Wayne 
County in 1903, Dr. G. F. Warren? recorded the presence of the 
mite in fifty-three orchards. It is stated that ‘“ the mites” were not 
bad in more than one-half of a dozen orchards, but in a few orchards 
some trees had practically every leaf affected.” A like survey? of 
Orleans County in 1904 showed somewhat similar conditions of 
apple trees with respect to this pest. Of nineteen orchards showing 
mite injury, four were recorded as seriously infested, four consider- 
ably infested, and eleven slightly infested. The distribution of this 
species in other parts of this State, and other States, has not been 
determined, but it is quite likely that it will be found in many apple 
yrowing areas, for this past summer its presence was also detected 
in Illinois and Pennsylvania. 


THE FOOD PLANTS OF THE BLISTER MITE. 

The more common food plants of the blister mite are the pear, 
Pyrus communs L., and the apple, Pyrus malus L. Dr. Nalepa 
has also recorded this species on the foliage of the service-berry, 
Amelanchier vulgaris Monch, the common cotoneaster, Cotoneaster 
vulgaris Lindl., the white beam tree, Sorbus aria Crantz., the Euro- 
pean mountain ash, Sorbus aucuparia L., the wild service tree, 
Sorbus torminalis Crantz., and Dr. Rechinger has sent us specimens 
of the work of the mite on Contoneaster tomentosa Lindl., and 
Sorbus mongeoti Crantz., collected in Europe. 


*U. S. Dept. Agr., Ent., Bul. 46; p. 72. 19004. 
*G. Fo Warren,:N: Y7 Cornell’ sta. Bule226, 9.7340. 1005; 
“Ibid. N. Y. Cornell Sta. Bul. 229, p. 489. 1905. 
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Figs 1.— Lire STAGES OF “BLISTER- MITE: 
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(Enlarged. ) 





Fic. 2.— PHOTOMICROGRAPHS OF APPLE AND 
PEAR MITEs: 


1. Phyllocoptes schlechtendali. Epitrimerus pyri. 
3. Eriophyes pyri. 
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Fic. 3— AN ENEMY OF THE BLISTER-MitTE. (Enlarged.) 
Seius pom, n. sp. 





Fic. 4.— LATERAL VIEW OF LEAF BLIsTER- MITE. 
(Greatly enlarged. ) 
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PLATE XI.— Pear AND Apple MITEs: 


1. Eriophyes malifoliae Parr. 
2 and 3. Eriophyes pyri (Pgst.) Nal., after Nalepa. 
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PLATE XII.— Pear ann Apple MirsEs: 


1 and 2. Epitrimerus pyri Nal., after Nalepa. 
3 and 4. Phyllocoptes schlectendali Nal. 


Ae 











PLATE ‘I.—PEAR LEAVES INJURED BY THE LEAF BLISTER-MITE. 
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PLATE I].—Younc APPLES AND LEAVES SHOWING PIMPLES AND GALLS CAUSED BY 
THE LEAF BLISTER-MITE. 
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PLATE XV.— OrHer Host PLANTS oF THE LEAF BurisTER- MITE: 
1. Cotoneaster tomentosa (Rechinger). 2. Sorbus mongeoti (Rechinger). 3. 
Sorbus torminalis. 4. Sorbus aria. 5. Sorbus aucuparia. 
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NATURE OF INJURIES TO FRUIT TREES. 


Mite work on pear leaves— The galls first appear as minute 
greenish pimples with a more or less reddish tinge, which are barely 
distinguishable from the leaf. With increase in size they become 
reddish, often causing brilliant colored spots on the leaves, and 
later, with the drying up of the diseased tissue, turn to a dark 
brown or black. On the under surface of the leaf, the affected 
areas are corky and raised, with the epidermis rather loose and 
wrinkled, suggestive of a blister, hence the popular name apple 
and pear blister to designate the work of the mite. Leading into 
each spot there is usually a tiny opening. ‘The galls are irregular 
in shape, and vary in size, according to age, the largest being about 
one-eighth of an inch in diameter. Sometimes they lack red and 
differ little from the general color of the leaf. Some varieties of 
pear, especially the Keiffer, when much infested, have the unfolding 
leaves completely reddened, swollen and blistered, which, when 
unfolded, become ‘much wrinkled and unshapely. The galls are 
usually arranged in a row on each side of the main rib. This group- 
ing of the affected areas seems to be determined by the pubescence 
of the leaf and the condition of the leaf when unfolding, at the 
time of the migration of the mites from under the bud scales to 
the expanding leaf. When numerous, the spots may coalesce, form- 
ing dark brown or blackish patches of various sizes which may 
cover much of the leaf and cause it to rupture in one or more parts, 
especially along the margins. Severe infestation of the mites may 
cause more or less defoliation, resulting in the premature falling 
of the fruit from the most injured leaf clusters. The mites also 
cause light colored pimples about the calyx of the frit and on the 
fruit stems, but these injuries are occasional and do not appear to 
impair the health or the value of the fruit. 

Mite work on apple leaves— The work of the mite on apple first 
shows on the upper surfaces of the leaf as distinct light colored 
pimples and on the undersides as blisters or thickened areas of the 
same color as the leaf. The affected areas are of irregular size and 
are unevenly distributed, though the larger proportion of them are 
about the sides and the base of the leaf. Some of the blisters may 
have a reddish tinge, somewhat similar to the pear leaf galls but 
ordinarily of a less brilliant color. As the galls become older they 
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appear as corky spots of a reddish brown color, which to the touch 
are very distinct from the healthy portions of the leaf. ‘The indi- 
vidual galls average from one-twelfth to one-eighth of an inch in 
diameter and are usually oval or quadrangular in shape. Leading — 
to the interior of each affected area there is usually one or more tiny 
openings. Often the spots coalesce, forming irregular dead areas, 
with a smooth or slightly raised surface and of a dark brown color, 
which rupture the leaf at the margins. Severe infestation seems to 
destroy the fresh color and gloss of the leaves and may cause them 
to be much wrinkled or to curve over, exhibiting the under surfaces. 

About July 1 the most striking effects of the mites upon the 
leaves appear, especially if there is much yellowing of the foliage, 
as frequently occurs. Upon the upper. surfaces of such leaves the 
mite-infested spots are of a light brown or of a dark green color 
and are uniformly brown beneath. These spots are thickly massed, | 
forming a dark, broad band of irregular. width along each side of 
the leaf which contrasts conspicuously with the intervening lght 
yellow area about the main rib. To one standing on the ground 
and viewing the leaves from beneath, this striping of the leaves 
is very suggestive of variegated foliage of certain ornamental plants. 

The mites also injure the fruits and the fruit stems. As a result 
of the attacks by the mites the young fruit soon after setting pre- 
sents light green pimples, about one-eighth of an inch in diameter 
which stand out in marked contrast with the darker colored surface 
of the apple. These swellings are usually irregularly grouped about 
the calyx cavity. Apples that are half grown may show light, blister- 
like areas of one-quarter of an inch in diameter, suggestive of pock 
marks, which are variously distributed upon the surface, usually 
about the calyx cavity. These markings would ordinarily pass 
unnoticed and seem in no way to affect the value of the fruit. 
Injured apple stems show somewhat similar pimples of a smaller 
size. Severe infestation produces much thickened stems, which 
present a very irregular outline. In several instances the work of 
the mites upon the leaves and fruit stems of the same cluster has so 
weakened the stems as to cause the falling of the fruit. Premature 
dropping of the apples by this means seems to be of rare occurrence 
and even on the worst infested trees is not sufficient to appreciably 
affect crop production, 
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The work of the mite has been recognized on over two hundred 
and fifty varieties of apples. Some of the Jeading varieties sustain- 
ing severe injuries to the foliage are the Baldwin, Rhode Island 
Greening, Sutton, Fall Pippin, Ben Davis and King. The leaves 
of William Favorite in the Station orchard have been the worst 
affected and the trees have for two years shown marked unseason- 
able defoliation. 


MITE INJURIES CONFUSED WITH SPRAY INJURIES. 

Injuries by the mite and by spraying mixtures often appear upon 
the same leaf and have been much confused. The two are quite dis- 
tinct and may be easily distinguished. Injuries due to treatment 
by the bordeaux-arsenical mixtures appear as dead brown spots of 
various sizes and shapes, and are irregularly distributed over the 
leaf surface. Frequently these spots are roundish or circular with a 
diameter of one-twelfth to one-eighth of an inch, while others are 
irregular in outline and much larger. Although the line of demar- 
cation between the dead and living tissue is sharp, these spots 
are to the touch flat, often depressed, and are not in this manner 
distinguishable from the general surface of the leaf as are the mite- 
blisters. Spray-injured spots show the venation of the leaf which 
is seldom apparent in the mite galls, and the dead areas also lack 
the small hole leading to the interior, which is always present in the 
corky spots produced by mites. 


MITE INJURIES CONFUSED WITH APPLE RUST. 

In the Hudson Valley and Long Island, the rust is quite common 
and is often mistaken for the work of the blister mite. This disease 
may be distinguished by the presence of circular, orange-colored 
spots of one-quarter of an inch in diameter, which encircle dead 
brown irregular areas, and which are variously distributed over 
the leaf surface. Upon the undersides of the leaves the rust appears 
as brown calloused areas showing the characteristic cluster cups 
which are not present in the galls of the mite. 


AN ENEMY OF THE BLISTER MITE, 
The apple and pear blister mite is much subject to the ravages 
of a gamasid mite, Seius pom. This was very abundant this season 
upon infested trees and undoubtedly materially assisted in reducing 
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the numbers of the blister mites. As it has apparently not been 
recognized before, it is briefly described as follows: 

Seius pomi n. sp.— Length about four hundred microns and width 
two hundred and ten microns. Body ovoid and yellowish in color; 
dorsum with a number of bristles of varying size. First pair of legs 
are slender, coxa, femur, patella, and tibia are subequal in length, 
trochanter somewhat shorter but of equal width, tarsus is mod- 
erately long. Second, third and fourth pairs of legs are nearly 
equal in length and are stouter than the first pair. On all segments 
there are a number of fine hairs. The epistoma is projecting. The 
palpus is of medium length and is rather stout. The apical segment 
of palpus has on its inner margin near the middle a conspicuous 
bifid spine which is clawlike. The second segment from the apex 
has two stout spines on inner margin and the third segment has at 
least one stout spine on inner margin. All of the segments have a 
number of fine bristles, which are especially abundant on the apex 
of the last seounentan tis. foe) 


EXPERIMENTS IN CONTROLLING THE LEAF BLISTER- 
MITE. 
ORCHARD I: PEARS, 

This orchard is located at Northville. It consists entirely of 
Keiffer pears which are three years of age and of good size. The 
trees have been well cultivated and fertilized and each year cover 
crops have been grown. During the last year the trees grew 
rapidly, and the entire foliage of almost all of the new wood, for 
three or four feet from the tips of the shoots downward, was con- 
spicuously marked by the work of the mites. The remarkable con- 
dition of the trees in this respect indicated an early infestation of 
the trees, which probably commenced with the insertion of the bud 
in the nursery. ) 

Conditions :— The orchard was divided into two portions to make 
comparative tests of fall and spring spraying with the sulphur 
washes for the control of the mite. On December 1, 1904, thirty trees 
were sprayed with the self-boiled lime-sulphur wash, made after 
this formula: Lime 30 pounds, sulphur 15 pounds and caustic 
soda 5 pounds to 50 gallons of water. Twenty-three trees were 
treated with the boiled lime-sulphur wash consisting of lime 20 
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pounds, sulphur 15 pounds and salt 15 pounds to 50 gallons of 
water. On April 14, 1905, eleven trees were sprayed with the self- 
boiled wash. A few trees were left unsprayed to serve as checks. 

Results on blister-mites: —In the spring of 1905 the trees were 
examined frequently by Mr. Sirrine to determine the effects of the. 
treatment upon the trees and the mites. On March 27, he reported 
that a number of the fruit spurs on the trees sprayed with the 
self-boiled wash were dead, while the remaining trees, including 
the checks, sustained no apparent injuries. At this time the mites 
were abundant under the bud scales of the untreated trees while the 
sprayed trees showed little or no infestation. The mites were still 
present under the buds on April 20, but by the 24th they were 
migrating from their hibernating quarters to the unfolding leaves. 
Eggs were also detected under the bud scales. By April 30, some 
of the mites had burrowed their way into the unopened leaves, 
causing the usual reddish spots. There were no traces of mite 
injury upon the fall-treated trees but on the spring-sprayed trees 
there were a few affected leaves. The checks appeared in marked 
contrast with the treated trees as many of their leaves were much 
discolored and sometimes distorted by the work of the mite. May 
4, eggs and mites were abundant on the unfolded leaves. Many 
galls were examined for larve and eggs without results, June 3. All 
the trees were badly infested with Gymnosporangium sp. which 
made it difficult to distinguish the blisters of the mites. The dis- 
ease at this time seemed to be the more destructive. The condition 
of the trees with respect to infestation by the mite showed no appar- 
ent variation from former observations. 


ORCHARD II: PEARS. 

This orchard is located about three miles from Riverhead, Suffolk 
County. It consists of 130 Keiffer pear trees which have been 
planted two years. These have been given careful cultivation but 
have not been sprayed until the present experiment was conducted. 

Conditions: — On April 8, 1904, twenty of the trees were sprayed 
with the self-boiled lime-sulphur-caustic soda wash, the remainder 
being reserved as checks. One application of the wash was made, 
which, on account of the small size of the trees, was very thorough. 
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Results on blister-mite— On April 8, the leaves of the unsprayed 
trees were nearly all infested with the blister-mite while the sulphur- 
treated trees were apparently unaffectd. By May 16 there were 
a few leaves on four of the sprayed trees that showed slight traces 
of the mites but the remaining sulphur-treated trees showed no 
evidences of infestation. About June 25 the new growth of the 
checks was being attacked by the mites while the sprayed trees had 
clean foliage except in a few instances. A careful examination on 
August 1 showed that there were eight trees in the sprayed lot that 
had traces of mite work while the checks, without an exception, 
were well infested with the mites. 

Results on pear trees— The trees were uninjured by the treat- 
ment. The applications of the sulphur washes destroyed the lichens 
and left the bark clean. All foliage that had appeared after June 15 
was still adhering on October 30, while the unsprayed trees were 
nearly bare. The leaves set before June 15 on both the sprayed and 
unsprayed trees were very much affected by leaf rust (Gymnospo- 
rangium sp.). Duchess and Seckel pears in the same orchard were 
free from this disease and also from the blister-mite. 

Hand picking of infested leaves——During the years 1903 and 
1904, Mr. Sirrine conducted some experiments to determine the 
value of such treatment for the mite. On account of the small size 
of the trees this seemed a practical method of controlling the pest 
and was one that had been commonly recommended. During the 
last week in May, 1903, all infested leaves from five trees were 
removed and carried out of the orchard. One week later five more 
trees were treated in the same manner. An examination of these 
same trees on June 29 showed slight traces of infestation of the 
newly developed leaves. On May 16, 1904, these trees were care- 
fully examined again when it was found that a number were abund- 
antly infested. Later studies of the habits of the mite have shown 
that during the early summer the mites do not confine their oper- 
ations entirely to the leaves as they may feed and breed in large 
numbers during the growing season upon the young forming buds 
and in the pubescence of the bark of the new growth. When 
the conditions are favorable for the rapid multiplication of the 
mites there is doubtless considerable migration of the mites from the 
older leaves to the new growth. The failure to control the mite by 
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the destruction of the infested leaves seems to be due to these habits 
of this creature. Nevertheless, tne removal of affected leaves at 
the first appearance of injury would undoubtedly greatly reduce the 
numbers of the mite upon the plant. At the best this method of 
fighting the mite is only practicable upon small trees and from this 
experience it is not as effective as a thorough treatment during 
dormant season with a contact spray. 


ORCHARD III: APPLES. 


This orchard is adjacent to Williamson, Wayne County, and con- 
sists largely of Maiden Blush and Baldwin. The trees are about 
forty years of age and have been systematically sprayed for the 
common insects and diseases. Originally the orchard was grown 
in sod but in recent years thorough cultivation has been practiced. 
It is not known how long infestation with the mite has existed, but 
it is believed that the first serious outbreak occurred in 1902 when 
the Station’s attention was first directed to the trouble. 

On August 29 of that year, much of the foliage of a goodly 
number of the trees in the northeast corner of the orchard was well 
marked with the galls, many of which had coalesced, forming large 
dead, brown areas on the leaves. Associated with the work of the 
mite there was much spotting of the leaves by the bordeaux mixture. 
With some trees many leaves had turned yellow and were falling. 
This defoliation, coupled with the russeted appearance of .a goodly 
portion of the leaves still adhering, due to mite and spray injuries, 
gave the trees a very unthrifty appearance. 

In 1903, the state of the trees was less satisfactory than during 
the preceding year. The mite was more widely distributed through 
the orchard and the destruction of the leaves by spraying with 
bordeaux mixture was much more severe. Mite and spray injuries 
frequently occurred on the same leaf and there was the usual russet- 
ing, yellowing and falling of the leaves. While the mite was 
responsible for much of the discoloration of the leaves, the defolia- 
tion of the trees seemed to be due to spray injuries and to the 
unthriftiness of the trees, attributable to unfavorable soil conditions, 
which are not understood, probably poor drainage. By the end of 
the summer nearly every tree showed evidences of infestation, and 
a surprisingly large number of mites found hibernating quarters 
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in the buds, nearly all of which were tenanted. In 1904 the 
behavior of the cichard was quite similar to that of the previous 
year, except that injuries by spraying were not so marked. As 
there was no apparent decline in the numbers of the mite, and as 
it seemed to be an apple pest of increasing importance in this and 
other orchards, plans were made by which a number of the worst 
affected trees were secured for experimental purposes to determine 
satisfactory methods for treatment. 


EXPERIMENTS IN I905. 


Conditions— On May 2, treatment with whale-oil soap, one 
pound to five gallons of water, and kerosene emulsion, one part to 
eight parts of water, was commenced. The buds at this time were 
opening, and the mites were beginning to migrate from the bud 
scales to the unfolding leaves. One hundred and seventy trees, 
divided evenly between the two mixtures, were sprayed. Thirty- 
seven trees fully representative of the treated lot were reserved as 
checks. It was intended to apply the sprays much earlier than the 
date given, but successive rains and the condition of the orchard 
made this impossible. All the trees were given the three customary 
sprayings with the bordeaux-arsenical mixtures. 

Results — The trees were examined a number of times during the 
summer to ascertain the effects of the treatment on the mite. The 
conditions of the trees with respect to treatment by contact sprays 
are well shown by the following notes of July’21, which have been 
condensed: Checks are much infested with the mite. There is 
much yellowing and dropping of the leaves, and the trees are at 
least one-half defoliated. Apparently spray injuries from bordeaux 
treatment or some unfavorable soil conditions are responsible for 
this denudation. Trees sprayed with whale-oil soap show the work 
of the mite but the infestation is not quite as bad as with checks. 
Defoliation is severe. Trees sprayed with kerosene emulsion were 
slightly more exempt from mite injuries than those treated with the 
soap mixtures. Nearly one-half of the leaves had fallen to the 
ground and much of the foliage still adhering was turning yellow. 

Summary.— The treatment for the blister-mite was not success- 
ful. The results may have been due partly or wholly to the pubes- 
cence of the buds which may have repelled the sprays or to the 
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lateness of the applications. Apple buds are more difficult to 
cover satisfactorily than pear buds. Besides at the time of treat- 
ment, the mites were active, and though none were discovered, it 
is quite probable that many were in the unfolded leaves, where they 
would be beyond the reach of the mixtures. The spraying seemed 
to furnish a small amount of protection to the trees but not enough 
to make the work profitable. The results obtained indicated the 
necessity of fall or early spring treatment if the pest is to be 
effectively controlled. 


EXPERIMENTS OF 1900. 


Conditions— This year the applications were made earlier and 
special attention was given to the oil sprays. The same trees were 
used as in the previous experiment. On April 4, miscible oil, one 
part to twenty parts of water, kerosene emulsion, one part to eight 
parts of water, and whale-oil soap at the rate of one pound of 
soap to seven gallons of water, were each applied to four trees 
respectively. Pure kerosene oil was used on four trees. All the 
trees receiving treatment were drenched with the sprays. Five 
trees, similarly infested with the mite, were used as checks. ‘The 
buds at this time were dormant. For purposes of comparison, 
the remainder of the orchard was treated on April 20, fifty-one 
trees being sprayed with whale-oil soap, thirty-four trees with 
kerosene emulsion, and fifty-one trees with miscible oil, the mix- 
tures being used in the above strengths. The buds were well 
swollen. A short light rain followed the applications. 

Results— The operations in this orchard during this year gave 
the most satisfactory results of any of the various experiments 
undertaken to control the blister-mite upon apple trees. Derived 
as they are from a badly infested orchard of good size, the data 
obtained in this experiment have direct application to many 
orchards now infested with the mite. The results are briefly stated 
as follows: 

Miscible oil_—The trees that received the early treatment were, 
throughout the summer, quite free of mite work, and the slight in- 
festation that was present was largely confined to widely separ- 
ated branches. The foliage was heavy, the trees having made a 
vigorous healthy growth. The three rows receiving the later ap- 
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plication were not quite so exempt from mites as the earlier-sprayed 
lot, but the condition of the trees was very satisfactory and sur- 
passed that of the blocks contemporaneously sprayed with either 
kerosene emulsion or whale-oil soap. The cost of the spraying 
mixture for each tree was four cents. 

Kerosene oil.— The trees sprayed with oil. suffered a retardation 
of the leaf-buds, the effects of which were apparent for nearly 
one month after the appearance of the leaves on the checks. ‘The 
amount of blossoming was small and none of the fruit set. One 
of the trees, which was much infested during the previous year, 
was entirely exempt from leaf galls. The remaining three trees 
showed slight traces of the mites which were due to obstructions 
in spraying. Since 1902 none of the trees in the entire orchard 
has shown so little evidence of the mites. These trees at the last 
examination on August 7 had made a thrifty growth and, with 
the exception of the loss of fruit, were in an excellent condition. 
The average cost of the oil for each tree was twenty cents. 

Kerosene emulsion.— The trees receiving this treatment were 
more free from the mites than were the trees sprayed with whale- 
oil soap. The infestation was more abundant than existed in the 
blocks treated with miscible oil and pure kerosene oil. It was 
estimated that about 50 per ct. of the leaves were infested as 
compared with the checks. The applications of the kerosene emul- 
sion caused no apparent injury to fruit and leaf buds and the fruit 
yields were fully as large as those of the checks. The cost of the 
emulsion for each tree was five cents. 

Whale-oil soap.— The application of the whale-oil soap appeared 
to have had very little effect upon the mites; and the trees, with 
the exception of some of the lower branches, were fully as badly 
infested as the checks. The spraying in this case was just as 
thorough as the other treatments, and the only reasons that can 
be given for these results are that the soap was not used strong 
enough or that this spray is not adapted for penetrating the pub- 
escence of the buds and the bud scales. The cost of the soap solu- 
tion for each tree was five cents. 

Conclusion.— In this year’s work the mite was greatly reduced 
in numbers by several sprays, an accomplishment which was appar- 
ently due to early treatment and to the use of oil sprays which 
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are much more penetrating than the soap and sulphur preparations. 
While it is not so effective as the pure oil and the miscible oil, 
because of its safe qualities and its cheapness the kerosene emul- 
sion seems to be the remedy best adapted to the needs of orchardists. 
Used a little stronger, at the rate of one part diluted with five parts 
of water, it is believed that still better results would be obtained. 
Pure kerosene oil and the miscible oils may be employed for the 
treatment of apples, suggestions for the use of which are given 
in the final directions for spraying for the mite. 


GENERAL SUMMARY AND DISCUSSION OF RESULTS. 


The leaf blister-mite passes the winter in the bud scales, usually 
of the buds of the new growth, and while in this situation is sus- 
ceptible to practical methods of treatment. The protection derived 
from the buds makes the pest somewhat difficult to control because 
of the necessity of thorough spraying, but experience has shown that 
the mite may be effectually combated with but little more cost than 
is required for certain of the common destructive orchard insects. 
This is especially true of pears, which have uniformly given satis- 
factory results by spraying, but on the apple the mite is more 
difficult to control because of the size of the trees and the greater 
abundance of the pubescence of the buds which acts as more or less 
of a repellent to the spraying mixtures. Whale-oil soap mixtures 
and sulphur washes, which have proven very efficient in the treat- 
ment of pears, have been only partially effective upon apples, while 
the oils, pure or emulsified, and miscible oil, have given satisfac- 
tory results upon both kinds of fruits. In the experiments that 
have been undertaken upon them with apples, pure kerosene oil 
and crude petroleum, which are very penetrating and efficient 
insecticides, effected greater reduction in the numbers of the 
mites than any other of the various sprays that have been tested. 
But unfortunately these oils, unless used in the minimum quan- 
tities, are unsafe sprays, and may cause injuries to fruit and leaf 
buds, which limit their use to orchardists who have learned to apply 
them with safety, or to the treatment of trees on which more safe 
remedies have failed. While it is not quite so efficient as the clear 
oils, the kerosene emulsion appears to be the more practical remedy 
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for orchardists in the treatment of the mite. One application of 
the emulsion has controlled the mite on pear trees and has reduced 
the numbers of the mites on apple trees by one-half. It is besides 
a cheap and safe spray and for these reasons is better adapted to 
the needs of average fruit growers. If the infestation is severe, 
two sprayings with the emulsion are advised, one in the late fall 
and one in the early spring, during the period of November to 
March inclusive. If only one application is intended, this should 
be made in the fall if possible. Miscible oil gave very satisfactory 
results, and for use should be diluted with fifteen to twenty parts 
of water. Proprietary remedies are often variable in their insecti- 
cidal qualities, and one employing them should be fully alive to 
their limitations in this respect. The results obtained in these ex- 
periments suggest the following directions for the treatment of 


mite-infested apple and pear orchards respectively. 


DIRECTIONS FOR COMBATING THE MITE. 


On apple trees— Spray the trees with kerosene emulsion diluted 
with five parts of water, the applications being made during the 
months of October, November, March or April. If possible, two 
sprayings should be made, one in the fall and one in the spring, as 
many mites are liable to escape with only one treatment. If it is 
not practicable to make more than one application, apply the mix- 
ture in the fall as soon as possible after the majority of the leaves 
have fallen, as many of the mites are still in the pubescence of 
the young wood, where they are more easily destroyed than under 
the bud scales. Special pains should be taken in the treatment 
of apple trees to wet the buds and the new growth thoroughly with 
the emulsion. Nothing less than a thorough drenching of the buds 
will give satisfactory results. The rough bark of the limbs and 
trunks may be neglected as they afford no protection to the mites. 
Miscible oil diluted with ten to fifteen parts of water may be 
used in place of the kerosene emulsion. Pure kerosene oil and 
crude petroleum are advised only when other sprays have failed. 
In using them they should be applied with the wind as a fine mist, 
spraying ceasing as soon as the oil commences to run on the bark. 
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How seriously an orchard should be infested before it is advis- 
able to apply spraying mixtures is a question which the individual 
must determine for himself, as he is in a better position to watch 
the progress and to note the effects of the mite upon the foliage 
and to decide what are the probable results of the infestation upon 
fruit yields. From the observations that have been made upon the 
behavior of the mite in this State as an apple pest, it has been 
apparent that it varies in destructiveness in different orchards and 
in different years. This conduct of the mite appears to be due 
to the attacks of Gamasides, a group of closely related mites, which 
are its most formidable enemies. This is one of the hopeful feat- 
ures of the present invasion of the mites and should be given due 
weight in considering the advisability of spraying. Many orchards 
that are slightly infested may safely be allowed to run their chances 
for the present, recourse to treatment being taken upon the increase 
of the mite in sufficient numbers to affect the growth of the leaves 
and to cause their premature falling. © But orchards that are over- 
run with mites should be sprayed. The leaves play an important 
role in determining the fruit yields, and trees that are subject to 
serious infestation of the leaves by the mite, accompanied by undue 
and unseasonable defoliation, such as has occurred during the past 
two years by the pest, would certainly produce smaller crops. 

On pear trees— The progress of the blister-mite upon pear trees” 
may often be checked by simply pruning out and destroying by 
fire the infested twigs at the first appearance of injury. If the 
infestation is general the trees should be sprayed according to the 
directions given for the treatment of apples. Trees that are 
infested with the San José scale as well shoull be sprayed with 
the boiled lime sulphur wash which will control both the scale and 
the blister-mite. 


PLO CE Ser Yn imeieshRiOLATA NAY. 


Phytoptus pirt var. variolatus, Natepa, A., Ang. K. Akad. Wiss. [Vienna], 
29:16. 1892. 
Eriophyes piri var. variolata, NaLepa, A., Das Tierreich, Acarina, Eriophyide, 
1808, p. 25. 
This differs from Eriophyes pyri by the very coarse punctuation 
of the abdomen. Specimens of this species were detected by Dr. 


Nalepa in microscopical mounts of Eriophyes pyri, collected from 
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apple leaves. In Europe it is known to infest Sorbus aria Crantz, 
Sorbus aucuparia L. and Sorbus torminalis Crantz. This species 
inhabits blisters upon leaves that are indistinguishable from those 
of pyri. It has been found only in few numbers and is much less 
important than the latter. 


PRIVUPHYES MALIPOLEAL tee. 


The body is rounded on dorsum and is fusiform, being very 
broad posterior of the thoracic shield. The cephalothorax is large. 
The thoracic shield is large, because of the width of the body, and 
projects over the anterior margin of the body. Upon the median 
area of the shield there are a number of lines which extend from 
the anterior to the posterior margins. At the sides there is a rather 
indistinct netlike sculpturing. The thoracic setae are wanting. The 
rostrum is large, and is broad at the base. 

The legs are rather long. The fourth and fifth segments are 
much narrower than the basal segments. The fourth segment is 
a little longer than the fifth segment. The third segment is a 
little over one-third the length of the second segment. The seg- 
ments have the usual spines which are of medium size. The tarsal 
claw is of medium length and is knobbed. The feathered hair has 
four rays. 

The abdomen is abruptly acuminate, with rather small anal 
lobes. The striae on dorsum number from sixty to seventy and are 
continued to the ventrum, where they are less widely separated. 
The ventral setae are fine and of medium length. The first pair 
are a little longer than the third pair, which are longer than the 
second pair. The lateral, genital and caudal setae are fine and of 
medium length. The accessory setae are wanting. The epigynium 
is large and projecting. 

The female measures about two hundred microns in length and 
seventy microns in width. 

This is a vagabond species and is found in association with 
Eriophyes pyrt and Phyllocoptes schlechtendali upon the under 
surface of apple leaves. It is not as abundant as the two latter 
species but it is quite common in the apple orchards in the vicinity 
of Geneva and Canandaigua. (P. J. P.) 
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PPULRIVEN sei ile NAL. 


Tegonotus pirt. Narepa, A., Anz. K. Akad. Wiss. [Vienna], 28:162. 18691. 

Tegonotus piri. Narepa, A., N. Acta. Ac. Leop., 61:321. 1894. 

.[rimerus pirt. Naepa, A., Anz. K. Akad. Wiss. [Vienna], 29:155. 1802. 

Epitrimerus piri. Narra, A., Das Tierreich, Acarina, Eriophyidae, p. 64. 
1808. 

Epitrimerus piri. Parrott, P. J., Science, N. S., 23:73. 1906. 


The anterior portion of the body is broad, with the abdomen 
abruptly acuminate, terminating in two broad caudal Icbes. ‘The 
striae on dorsum are few in number and broad. The thoracic shield 
is short, broad and triangular, with lateral angles often gently 
rounded and the anterior portion pointed and projecting over the 
head. On the median area of shield there are three nearly parallel 
lines which extend to almost the anterior and posterior margins. 
Laterad of these there are a number of short irregular linear mark- 
ings. The dorsal setae are fine and short. 

The legs are of medium size with tarsi much narrower than the 
other segments. ‘The distal tarsal segment is shorter than the next 
tarsal segment. The feathered hair is small and has four rays. 
The tarsal claw is slightly knobbed and as is usual is longer than 
the feathered hair. 

The abdomen is shert and tapering, with a longitudinal furrow 
on either side of the median area or dorsum which is carinate. ‘The 
striae on dorsum are about forty in number and are broad and 
punctured. The lateral setae are fine and of moderate length. The 
first pair of ventral setae are similar in form but are longer. ‘The 
second pair of ventral setae are shorter than the first pair. The third 
pair of ventral setae are prominent, appearing to be a trifle stouter 
but somewhat shorter than the first pair. The caudal lobes are 
large, being short but broad. The caudal setae are of medium 
length and rather fine. The accessory caudal setae are apparently 
wanting. The epigynium is of medium size, with one pair of 
genital setae which are short and fine. Dr. Nalepa gives the length 
of the female as 150 microns and of the male, 130 microns. Of the 
many specimens which have been examined there has been much 
variation in the sizes of the mites which is perhaps determined by 
the differences in the ages of the individuals and the methods of 
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treatment in the preparation of mounts. The females in our 
mounts vary in size from 125-155 microns and the males 112-135 


microns. 


PHY LEOCOPRTIES SGHLECH TEN DALT ts 


Phyllocoptes schlechtendali. Natepa, A., Anz. K. Akad. Wiss. [Vienna], 
oy for Py ehh es 79.8 

Phyllocoptes schlechtendali. Natepa, A., Sitzber K. Akad. Wiss. [Vienna], 
99:62. 1890. 

Phyllocoptes schlechtendali. Von SCHLECHTENDAL, D. Zetitschr. Pflanzen- 
krank, 5:5. 1805. 

Phyllocoptes schlechtendalt. Navepa, A., Das Tierreich, Acarina, Eriophyide, 


Dod 2. Goo: 
Phyllocoptes schlechtendali. Parrott, P. J., Science, N. S., 23:73, 1906. 


Body broadest at the posterior margin of the thoracic shield, 
with the abdomen gently acuminate. The striae on dorsum of 
abdomen are conspicuously coarse. The thoracic shield is large 
and broad, and projects over the anterior margin of the body. On 
median of the thoracic shield, extending from the anterior to the 
posterior margins are a number of somewhat wavy lines. Laterad 
of these there is a net-like sculpturing, which is more or less 
indistinct. The dorsal setae are of medium length. The legs are 
of medium size; segments two and three are the widest, and seg- 
ments four and five are nearly equal in length. The segments 
have the customary spines. The tarsal claw is of medium length 
and is knobbed. ‘The feathered hair has four rays. 

The abdomen is broad and tapering. The striae on the dorsum 
are very coarse and are about thirty in number. The ventrum is 
finely annulated and coarsely punctured. The lateral setae are 
fine and of medium length. The first pair of ventral senae are 
similar to the lateral setae but are longer. The second pair of 
ventral setae are shorter. The third pair of ventral setae are of 
medium size and are shorter than the first pair. The genital setae 
are fine and of medium length. The caudal setae are of medium 
size. The accessory setae are wanting. The epigynium is small. 

The female is one hundred and fifty microns long and fifty-three 


microns broad. 
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Typhlodromus pyri. Scheuten, M. A. Troschel’s Arch., 1857, p. 104. 
[Ibid, Ann. Mag. Nat. Hist., 19:—. 1857.] 
Phytoptus pyri. Pagenstecher, H. Al. Verhandl. Naturhist. Med. Ver. 
Heidelberg, 1:48. 1857. 
Wash BeD. Proc. ent 50c Pini... 6:285-7. 1867. 
Typhlodromus pyri. Packard, A. S. Guide, p. 666. 1860. 
Glover, T. Ent. Record, 1872, pp. 304-307, fig. 10. 
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[Ibid, U. S. Dept. Agr. Mon. Rpt.] 
Clover ie BU e DCNie Cran pty lLose,: Dar TI 3: 
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Phytoptus pyri. Sorauer, P. Arb. d. Ver. Pom. Inst. Proskau, 1877. 
Typhlodromus pyri. Murray, A. Econ. Ent., pp. 340, 362. 1877. 
Barnard, W. S. Sct. Amer. Supplement, No. 207, p. 
2302) CC, 120, 11570. 
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[ibid) Amer. Ent, n.*s., 1:26. »1880.] 
Typhlodromus pyri. Riley, C. V., and Fuller, A. S. Amer. Ent., n. s., 1:26. 
Feb., 1880. 
Ibid.33-74. osMar.,.. 1800. 
Typhlodromus pyri. Taylor, T. Gard. Mo., 22:85-86. 1880. 
Phytoptus pyri. Taschenberg, E. L. Praktische Insekten-kunde, pt. 5, p. 
158. 1880. 
Frank, A. B. Die Krankheiten der Pflanzen, p. 699. 1880. 
Garman, H. Rep. Ill. State Ent., 12:125, 140. 1882 (1883). 
Lihids, | rans Dept. Act Llyn Sig.13s125. 1002 .( 1o53).| 
Osboriy hi lowa tateetiort? Doc, IR pt. 18s127-135., 1683: 
Osborn, H. Towa, Agr. Goll, Bul..2; p. 56. 1884: 
McMurrich, J. Johns Hopkins Univ. Circ., 14: No. 35, p. 
17. 1884. 
Hagen) He Con sEai..17-721-20, 1605. 
Osborn, H., and Underwood, L. M. Can. Ent., 18:12. 1886. 
Typhlodromus pyri. Osborn, H., and Underwood, L. M. Can. Ent., 18:12. 
1886. 
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Webster, F. M. Insect Life, 1:363. 1880. 
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“What varieties shall I plant?” There is no question more often 
asked by fruit growers. Vast amounts of time and money are 
wasted in the indiscriminate testing of varieties. For most part in 
the apple industry the value of varieties has had to be deter- 
mined by actual plantings made by the fruit grower. It requires 
a long period of years to test apples and with the many sorts 
offered, individual efforts in this direction are ineffectual, and 
are most burdensome. So the work of testing varieties has been 
largely, and rightfully, delegated to the experiment stations. But it 
is impossible for an experiment station, even after the most care- 
ful tests on its own grounds, to tell in advance what particular 
varieties of a fruit are adapted to any one man’s conditions. An 
experiment station can be helpful in this respect only by a broad 
and careful study of the distribution and behavior of varieties 
under as many different conditions as possible, and by an intimate 
first hand knowledge of them on its own grounds, after which it 
ought to be able at least to limit the choice in any locality. 

It is the purpose of this bulletin: First, to catalogue the apples 
that are grown or have originated in New York. Second, to de- 
scribe briefly the sorts listed. Third, to define the several dis- 
tinct horticultural belts in the State and to name the varieties of 
apples. that can be most successfully grown in each. It is hoped 
that the bulletin will serve as a guide to those who are planting 
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apples and in particular that it will in part prevent the enormous 
waste occasioned by continued attempts on the part of the apple- 
grower to grow varieties which are not adapted to the regions in 
which they are planted. The Bulletin answers, as best this Station 
can, the oft asked question —‘“ What varieties of apples shall I 
plant?” 

The basis of what is here presented is Beach’s “ The Apples of 
New York” prepared by this Station and published by the State 
Department of Agriculture. The condensed descriptions are taken 
from the above work as nearly verbatim as the condensed form 
would allow. The notes in the column of remarks, to which 
attention is called as being one of the most valuable features of 
the Bulletin, are either taken word for word or are direct infer- 
ences from the text. Much of the material for “The Apples of 
New York” was obtained through correspondence with apple 
growers in all parts of the State. Much information that was 
given by correspondents in regard to the adaptations and dis- 
tribution of varieties could not be used in the larger work. This 
is being made use of in this bulletin, in making up the list of 
varieties for the several regions outlined. 


THE DISTRIBUTION OF VARIETIES OF ABEEES 


Plants naturally grow in communities. Forests illustrate this. 
Several species having common necessities grow together. But 
in such an association one species is usually most prominent and 
gives its name to a community — oak forests, beech, maple, pine 
and walnut forests, and so on. ‘The natural distribution of one 
or a few species of plants in these communities is suggestive to 
the plant grower. It signifies that Nature governs the distribution 
of all plants, wild or domesticated, according to their vital neces- 
sities; it justifies the presumption that for each species of plants 
there is a set of conditions best suited to it. 

In agriculture it has come to be a matter of common knowledge 
that success with any crop depends largely upon its being grown 
in an environment preeminently well suited to it. Distinct 
classes of farming land, or distinct sets of conditions, are being 
devoted, more and more, to special crops. It is true, however, 
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that some plants of widely different species have similar needs 
and that now and then several crops may grow equally well on a 
farm in association or in a rotation. What is true of the adapta- 
tions of species is to a lesser degree true of varieties and these 
have their likes and dislikes of environment which may be quite 
different for any two varieties; or, for some one sort may be quite 
opposed to those of the species as a whole. Thus one variety of 
a crop may and often does grow in a region almost to the exclusion 
of all others; as the Concord grape, the Baldwin apple and the 
Bartlett pear in parts of New York. These adaptations are so 
marked that lists of plants and of their varieties can be made 
which thrive or do not thrive in any region. Such lists should 
be valuable guides in the selection of varieties. 

In a very general way it may be said that a variety is adapted 
to regions having about the same latitude. We do not usually 
expect that northern varieties will succeed in the South or South- 
west, nor the reverse. Thus New York apples are for most 
part of local or of New England origin. This adaptation to lati- 
tude seems to be caused by length of season rather than the degree 
of heat or cold. Some southern varieties, as the Ben Davis and 
the York Imperial and others, are as hardy as the great majority 
of the northern varieties, but the seasons in the North are not 
sufficiently long for the fruit to mature. On the other hand the 
King, Northern Spy, and most other northern sorts find the 
southern season too long and because of it quickly pass through 
maturity to decay. There are of course exceptions to this law of 
adaptability of varieties to regions of the same latitude, best known 
of which are some of the Russian varieties, as Red Astrachan, 
Yellow Transparent and Oldenburg, which succeed in both the 
North and the South. 

The New York apple grower is warranted in taking a very con- 
servative attitude in regard to all varieties from the South and 
Southwest. Among the many sorts grown commercially in the 
great apple region of the Southwest, the Ben Davis is the only 
one which is being grown by the commercial apple grower of New 
York and even this sort grows much better in the South. 

Another important fact to the fruit grower is that there are 
groups of apples the members of which have about the same degree 
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of suitability to a region. It is worth while to consider these 
groups, their formation and adaptations, somewhat more closely 
than we have done with the varieties. 


THE ADAPTATIONS OF GROUPS @fekt pers 


Our varieties of apples have descended from the wild apple. 
That the apple now varies, sometimes in one direction and some- 
times in another, can not be denied; and so it has done since the 
first apple. Now, variations eventually mean varieties. Thus 
we have come to have a great number of varieties of apples, 714 
of which are described in this bulletin. But the differences or 
gradations between varieties are not equal. Many varieties closely 
resemble each other while the differences between others are so 
great that they might almost belong to different species. There are, 
too, many missing grades. By recognizing these unequal degrees 
of likeness we may divide our cultivated varieties of apples into 
natural groups putting those which resemble each other together. 
Such a classification ought to become a formulation of varieties 
into groups in accordance with their blood relationships in the 
descent from the common ancestor. 

Botanical classification has -searched out the relationships which 
the structure of the apple plant and fruit indicate and has ex- 
pressed them by dividing the apple into several large groups, 
species. It is the office of pomological classification to subdivide 
such of these botanical species as are of value to the cultivator 
into smaller groups for the greater convenience of the pomologist. 
Chief of the species with which the fruit-grower is concerned is 
Pyrus malus composed of a thousand or more of our best known 
varieties. As has been said, many of these varieties greatly 
resemble each other and these may be put together in large groups, 
as the Fameuse, Baldwin, Ben Davis, Oldenburg, and Winesap 
groups. Or, in some cases, the variety may be subdivided; thus 
we have distinct strains of the Baldwin, the Twenty Ounce, the 
Gravenstein, the Fameuse and the Wealthy. 

It is worth remembering as an indication of the present trend 
of pomology that when the domestication of plants began, interest 
centered entirely around the species. There were no varieties 
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nor other groups within the species. People in countries but 
little advanced in horticulture still give attention to the species 
and wholly or largely ignore the variety. But as cultivation of 
plants has advanced and as we have come to know them better, 
groups within the species have come to be recognized. Smaller 
groups are now designated by names. While at present the variety 
is the commonest subdivision of the species yet as our ideas become 
more refined we shall make more use of still other divisions, as the 
group, higher than the variety, and the straim, lower. 

But the chief point to be brought out in this discussion is that 
groups of varieties have adaptations to particular conditions. Thus 
there are groups of apples for certain geographical regions; as 
the Winesap, Romanite, and Ben Davis groups for the southern 
apple regions; the Fameuse, Blue Pearmain and Baldwin groups 
for New York; and the crab-hybrid group, represented by the 
Wealthy, and the Russian groups for the North Mississippi Valley. 
This development of groups of varieties for regions having diverse 
conditions is becoming more and more marked, and cognizance of 
it must be taken in preparing lists for the several pomological dis- 
tricts of New York. We shall find it of great advantage to discard 
whole groups of apples from certain districts or even from the 
State itself. It is time, too, to emphasize the importance to the 
fruit-grower and to the nurseryman of considering varieties of our 
fruits in their natural groups whether for propagation, distribution, 
culture, marketing, or whatever purpose. 

Before proceeding to a direct application of this matter of group- 
ing to the subject in hand another phase of it is worth setting forth. 
Varieties which belong to the largest and best differentiated groups 
have their characters most strongly fixed and are prepotent in 
transmitting them to their offspring. Thus seedlings of the Ben 
Davis, Fameuse, or Russian groups come nearly true from seed; 
the varieties of these, and of all cosmopolitan groups, are adapted 
to many diverse conditions; the plant-breeder finds them more 
plastic subjects for his work; and, withal, the size of the group, 
the number of varieties in it, is an indication of merit in a number 
of minor respects but in particular that it indicates potency and 
power of adaptation. Similarly we shall find upon close analysis 
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that the above points of merit are to be found in varying degrees 
in varieties which have strains within themselves. 

New York apple growers are not wholly unacquainted with the 
arrangement of apples in groups. In “ The Apples of New York” 
(1903), Beach has made 12 groups containing 54 varieties; at the 
State fair at Syracuse (1905), The New York State Fruit Growers’ 
Association showed 14 groups with about 60 varieties. This Sta- 
tion has shown at the several State horticultural meetings of the 
winter of 1905-06, 32 groups with about 110 varieties. All of 
these lists have been worked over and added to in making the 
groups presented here, 36 in number and containing 278 varieties. 
Mr. L. A. Goodman, President of the American Pomological So- 
ciety, is largely responsible for the Romanite, Ralls and Winesap 
groups given here. 

It cannot be hoped that the groups given are all perfect. Without 
question some varieties have been misplaced, some have been 
omitted, and we have not even attempted to classify the great 
majority of the sorts listed in the catalogue, having no fruits at 
hand nor definite data from which to work. Besides it is scarcely 
possible that a wholly satisfactory classification can ever be made 
because of the infinite variation in the varieties themselves. The 
groups must be taken, then, as tentative, subject to modification 
upon further study, and presented here only as a means of showing 
the adaptations of varieties rather than as a part of a system of 
classification. 

The groups are founded, for most part, upon the characters of 
the fruits, and all characters have been considered — size, form, 
stem, cavity, basin, calyx, color, skin, flesh, core, seeds, flavor and 
season. It has not been possible to make much use of tree char- 
acters, though, could it have been done, it would have been highly 
desirable. In giving a name to a group we have in most cases used 
that of the best known variety in the group, though in a few 
instances the name given is that of the variety which seemed to 
be intermediate in character between the other members of the 


group. 
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GROUP SiG) Daoist: 
APORT GROUP. 


Large, handsome, fall apples, coarse in texture and of medium 


quality. Some members of the group are adapted to all parts of 
New York. 


Alexander, Bismarck, Judson, 
Aport, Constantine, McMahon, 
Aport Orient, Great Mogul, Thompson, 
Arabskoe, Howard Best, Wolf River. 
Bietigheimer, 


BALDWIN GROUP. 

Highly colored, long keeping, well flavored, rather large apples 
with similarities in texture, flavor, form and color markings. Trees 
winterkill in the northern districts but are well adapted to all other 
districts. 


Babbitt, Olympia, Sutton, 
Baldwin, Red Russet, Tufts. 


BEN DAVIS GROUP. 


Rather large, bright red, coarse and solid in texture, indifferent 
flavor, thick skin, shipping well and keeping well. 


Arkansas Beauty, Dickinson, Gano, 

Arkansas Belle, Eicke, Shackleford, 

Ben Davis, Etris, Shirley, 

Black Ben Davis, Florence, Wallace Howard. 
Coffelt, 


| BLACK GILLIFLOWER GROUP. 
Medium size, dark red, oblong, ribbed apples of good quality 
but rather dry and coarse in texture. Less hardy than the Baldwin 
group. Particular as to soils. 


Black Gilliflower, Scollop Gilliflower, Striped Gilliflower. 
Lady Finger, Skelton, 


BLUE PEARMAIN GROUP. 
Somewhat large, dull red with bluish bloom, mild flavor, fair 
quality, dense texture and thick skins. Adapted to northern con- 
ditions and for most part valuable there only. 
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Baxter, Jewett Red, Rutledge, 
Bethel, Mabie, Scarlet Beauty, 
Blue Pearmain, Monroe Sweet, Stone, 

Du Bois, Oel Austin, Victoria, 
Gideon Sweet, Perry, Windsor. 


CHENANGO GROUP. 
Medium size, striped red, oblong conic apples of high quality, 
peculiar aroma and delicate texture. In general the two sorts in 


this group succeed where the Baldwin can be grown. 


Chenango, Stump. 


EARLY HARVEST GROUP. 


Summer apples of medium size, pale yellow or white in color, 
of good but not superior quality and with delicate breaking flesh. 
More suitable to the warmer than to the colder portion of the State. 


Cooper Early White, Early Harvest, Parry White. 


FAMEUSE GROUP. 


Medium size, handsome red striped apples, roundish oblate, thin 
skinned, of high dessert quality, and pure white tender flesh. Its 
tendency to reproduce true from seed is a striking peculiarity. As 
a group, predisposed to fungus troubles. The varieties in this 
group, with one or two exceptions, reach their highest perfection 
in the North. The most valuable group for the colder portion of 
the State. 


Boys Delight, Louise, Scarlet Pippin, 
Canada Baldwin, La Victoire, Shiawassee. 
Fameuse, McIntosh, Striped Fameuse. 
Fameuse No. 1, St. Lawrence, Switzer. 

Hilaire, 


HIBERNAL GROUP. 
Probably the hardiest apples. Mature in a short season. Russian. 


Bogdanoff Glass, Ostrakoff, Romna, 
Hibernal. 


JONATHAN GROUP. 


Medium size, handsome red apples of high quality, and crisp, 
juicy flesh. Variable in adaptations. Resembles the Baldwin 
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group. With one or two exceptions best adapted to the Eastern 
districts. 


Esopus Spitzenburg, Kaighn, Mother, 
Flushing Spitzenburg, Manchester, Red Canada. 
Jonathan, 


KESWICK GROUP. 
English apples of unknown adaptations in New York. 
Keswick, Lord Suffeld. 


LADY GROUP. 

Very small, roundish oblate, dessert apples, handsome in color 
and sprightly in quality, crisp, juicy flesh, thin skin, and good 
keeping qualities. Best adapted to the Hudson Valley and Long 
Island districts. 


Black Lady, Lady, Sleight, 
Helen, Large Lady, Star Lady. 
Highland Beauty, Rose Colored Lady, 


LAWVER GROUP. 


Medium $size, very high color, of rather dense, medium coarse 
texture and inferior flavor. Excellent keepers. From the South, 
but Akin, at least, is worth trying in the milder parts of New York. 


Akin, Lawver, McAfee. 


LIMBERTWIG GROUP. 
From the Southwest and not adapted to New York conditions. 


Green Limbertwig, Red Limbertwig. 


LONGFIELD GROUP. 
Russian, and can be grown in practically all parts of New York. 
English Pippin, Longfield. 


LOWLAND RASPBERRY GROUP. 
Russian. Adaptation not well known in New York. Probably 
northern. 
Lowland Raspberry, Red Wine, 
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NEWTOWN SPITZENBURG GROUP. 
Medium sized roundish, striped apples of high quality. Running 
small in New York and not well adapted to any of our districts. 


Bethlehemite, Duncan, Newtown Spitzenburg. 


NORTHERN SPY GROUP. 

Large, striped red, roundish oblate, ribbed, delicate bloom, juicy, 
crisp, fine grain, of highest flavor and quality. Fastidious as to 
soils but probably can be grown in congenial locations in all but 
the coldest portions of the State. 


Arnold, Melon, Stanard, 
Doctor, Northern Spy, Wagener, 
Hagloe, Ontario, Wagener Improved. 


OLDENBURG GROUP. 

Medium to above in size, variously striped with red, gener- 

ally ripening in fall and of comparatively short season. Tart, 

culinary apples with but few dessert sorts. Russian. Probably the 

most cosmopolitan of the groups here listed — some members suc- 
ceeding in all parts of New York. 


Ananarnoe, Falix, Milwaukee, 
Autumn Streaked, Gladstone, Okabena, 
Berkoff, Glass Green, _ Oldenburg, 
Borovinka, Golden White (Pewaukee type), Pewaukee, 
Champagne, Hoadley, Striped Winter, 
Charlamoff, Lead, . Yahmke, 
Crimean (Pewaukee type), Lou, Zettle. 

Dudley, 


GRAVENSTEIN SECTION. 
Banks, Gravenstein. 
RALLS GROUP. 
On mature trees only medium to below in size, rather dull striped 
red, of superior quality and texture, keeping late, productive to a 
fault. A southern group not adapted to northern conditions. 


Doctor Walker, Father Abram, Ralls, 
Ingram, Milam, Salome. 


RAMBO GROUP. 
Only medium in size, roundish oblate, rather dull striped red, 
good quality. Southern. Adaptations not well known for New 
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York, though some members of the group can be grown in the 
warmer districts of the State. 


Domine, 
Lacker, 


Milden, 


Pennsylvania Redstreak, 


RED ASTRACHAN GROUP. 


Rambo, 
Wells. 


Summer apples of above medium size, crisp, tart and of good 


quality. 


Anis, 


Red Astrachan, 


REINETTE GROUP. 


May be grown in all parts of the State. 


White Astrachan. 


With few exceptions rather large in size, of green or yellow 
ground color, with or without blush, and generally of good quality. 
A large and poorly defined group which is here divided into four 


sections. 


Nearly all of the members, with the exception of a few 


in the Newtown Section, thrive in New York. Only a few varieties 
of this group, however, succeed in the northern district. 


Albion, 

Boiken, 

Crowns, 

Ewalt, 

Elgin Pippin, 

Fall Harvey, 

Tall Pippin, 
French Pippin, 
Geneva Pippin, 

(1) Golden Pippin, 


FALL PrepIn SECTION. 


Greenville, 
Hawley, 

Holland Pippin, 
Jack, 

Landsberg, 
Lehigh Greening, 
Lowell, 

Magenta, 
Maiden Blush, 


Newark Pippin, 

Ohio Pippin, 

Reinette Pippin, 

Sharp, 

Walker Beauty, 

White Pippin, 

White Spanish Reinetty. 
Winter Banana, 

York Pippin. 


RHODE ISLAND GREENING SECTION. 


Autumn Swaar, 
Bottle Greening, 
Canada Reinette, 
Fall Orange, 

Holland Winter, 


Admirable, 
3elmont, 

Green Newtown, 
Grimes, 


Monmouth, 
Northwestern Greening, 
Patten, 


Rhode Island Greening, 


NEWTOWN SECTION. 


Huntsman, 
Middle, 

Peck Pleasant, 
Perry Russet, 


7 


Sheddan, 

stant: 

Sweet Greening, 
Tobias Pippin. 


Pickard Reserve, 
(1) Shannon, 
Slingerland, 
Yellow Newtown. 
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SWAAR SECTION. 


Mann, Seneca Favorite, Swaar. 


ROMANITE GROUP. 

Variable in size, highly colored, from poor to good in quality, 
keeping very late. Southern apples of little value in New York 
with the possible exception of one or two sorts for the warmer 
districts. 


Buckingham, Lansingburg, Pennock, 
Fink, _ Minkler, Romanite, 
Gilpin, Missing Link, Stark, 
Glenlock, Nero, York Imperial. 


ROME GROUP. 


Above medium, roundish, handsomely colored apples of indiffer- 
ent quality. Rome only succeeding in some parts of New York. 


Lankford, Rome. 
RUSSET GROUP. 

Ranging from small to above medium in size, russet colored, 
with peculiarly fine-grained dense texture, sprightly flavor and good 
keeping quality. Illy defined as to adaptations but some member 
succeeding in all of the New York districts. 


Brownlees, Golden Russet (of W.N. Y.), Roxbury, 
Bullock, Hunt Russet, Sailee Russet, 
Carpentin, Long Island Russet, ° Swazie, 
English Russet, Pomme Grise, Sweet Russet. 


SUMMER RAMBO GROUP. 


Large, attractively striped with red, roundish oblate, coarse in 
texture, and of average quality, ripening in early fall. Adapta- 
tions not well defined for New York. 


Grosh, Summer Rambo, Western Beauty. 


SWEET BOUGH GROUP. 
Summer or fall apples of sweet flavor, medium to large size, 
variably conic, good quality. Very general in adaptations, although 
some of the members cannot be grown in cold localities. 


Autumn Bough, Fullerton Sweet, Sweet Bough. 
Broadwell Sweet, 
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TETOFSKY GROUP. 

Summer apples, below medium in style, striped, of average 
quality. Valuable only in cold climate. 

July, Tetofsky. 
TOMPKINS KING GROUP. 

Early winter apples, large, attractively striped with red, variable 
but symmetrical in form, of superior quality -and characteristic 
dense, coarse texture and aromatic yellowish flesh. Especially 
suited to the Western New York districts, but succeeding to a fair 
degree in all except the most northern districts. 


Blenheim, Hubbardston, Ribston, 
Fishkill, Palouse, Tompkins King. 


TWENTY OUNCE GROUP. 

Large, late fall, broadly splashed red apples, roundish in form, 

of good quality and with a coarse yellowish aromatic flesh. Grown 
more or less generally in all but the most northern districts. 


Collamer, Lyscom, Twenty Ounce. 


VANDEVERE GROUP. 
Local in adaptation and confined mostly to the warmer parts of 
Pee otate. 
Ronk, Vandevere. 
WEALTHY GROUP. 
Fruit undersized on old trees. Early and abundant croppers. 
Hardy and adapted to all of the apple districts of New York. 


Peter, Wealthy, 
and several Minnesota seedlings. 


WINESAP GROUP. 


Winter apples, medium to large in size, dark red, rather solid 
and medium fine grain, of good but not high quality, quite good 
keepers. A group belonging to the South and West and of small 
importance in any of the apple districts of New York. 

Arkansas, Oliver, Winesap, 


Arkansas Black, Paragon, Winter Sweet Paradise. 
Kinnaird, - Stayman Winesap, 
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YELLOW BELLFLOWER GROUP 


Medium to large apples, characteristically oblong conic, pre- 
dominantly yellow, with a large somewhat remarkably open core. 
Flesh firm, crisp, aromatic and of high quality for culinary pur- 
poses. Somewhat general in distribution throughout the State but 
inclining to the southern and warmer districts. 


Barry, Moyer, Summer Bellflower, 
Flory, Newman, Titus Pippin, 
Kirkland, Occident, Yellow Bellflower. 
Mason Orange, Ortley, ! 


YELLOW TRANSPARENT GROUP. 
Early summer apples, of medium size and characteristically thin 
skin and tender flesh. Russian. Adapted to all New York districts. 


Breskovka, Thaler, Yellow Transparent. 
Red Transparent, 


FACTORS GOVERNING DISTRIBUTION. 


A knowledge of the factors which govern the distribution of 
plants is essential to a clear understanding of the distribution of 
varieties. The natural factors (there are economic factors as well) 
which most largely determine the characters of the plants in any 
region are:— Latitude and altitude; temperature of air and soil; 
the water supply; the chemical and physical properties of the soil; 
and air currents. To these might be added insects and fungi which 
often help to determine the area of profit for a fruit or its varieties. 
But parasites are so largely dependent upon the other natural 
factors and upon the host plant that we need not consider them 
among the chief factors in distribution. 

Latitude and altitude.— Latitude and altitude largely determine 
the annual temperature, amount and intensity of sunlight, and the 
length of the growing season. We shall find many sorts of apples, 
as those of the Ben Davis and Winesap groups, strongly influenced 
by latitude and altitude, quite aside from hardiness. So far as tree 
characters are concerned Ben Davis and Winesap are hardier than 
many varieties far better adapted to northern latitudes. It is an 
important fact that the metes and bounds of latitude are often set 
aside by local modifications. Thus there are, in all parts of New 
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York, valleys, large or small, protected from cold winds, open to 
sunshine, free from fogs, or comparatively free from frosts, which 
have advantages in these respects over other areas better situated 
as to latitude. In such favored localities adverse influences of 
latitude are offset and the list of desirable fruits is increased. 

Temperature—— The chief factor in determining the distribution 
of fruits is temperature. Each fruit requires a certain amount of 
warmth for its development and can endure but a certain degree of 
cold. Investigations conducted by the Division of Biological Survey 
of the United States Department of Agriculture enabled them to lay 
down the following law * regarding temperature as a means of con- 
trolling the distribution of plants and animals. “ The northward 
distribution of terrestrial animals and plants is governed by the sum 
of the positive temperatures for the entire season of growth and re- 
production, and the southward distribution 1s governed by the mean 
temperature of a brief period during the hottest part of the year.” 
In fruit-growing it is found that the distribution of fruits and their 
varieties conforms to this law only in a broad and general way and 
yet sufficiently closely that we may make it a means, as accurate or 
more so than any other rule that has been laid down, of studying 
the relations of climate to the life events of plants and to the distri- 
bution of varieties. 

The fruit-grower is chiefly concerned with the annual tempera- 
ture and this is determined by latitude, altitude and proximity to 
large bodies of water. Variation in the surface of the country — 
hills and valleys —are often modifying agents of temperature and 
especially of spring and fall frosts. The warmth-retaining prop- 
erties of the soil must often be taken into account. Beyond all 
question, the last named factor does not receive sufficient consid- 
eration and we shall often find that the adaptations of some varieties 
of fruits, especially of grapes and peaches and of some apples, 
which prefer warm soils, as sands and loams, depend largely upon 
the heat in the soil. 

Water—All plants are very sensitive about their supply of water 
and with a species which has been cultivated as long as the apple 


*U. S. Dept. Agr., Biol. Surv. Bul. No. 10, p. 54. 
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it could not be otherwise than that some varieties would be endowed 
with constitutions better fitted for withstanding drought or an 
excess of water, than others. We must count moisture as one of 
the chief factors influencing the distribution of varieties. Not only 
must the rainfall be taken into account but the distribution through- 
out the year must be considered. The amount of water capable 
of being retained by a soil is of considerable importance. Strong 
dry or moist winds greatly influence the supply of water needed by 
plants; this is as true in winter as in summer, for moisture may be 
evaporated from the tree tops in winter by a dry or strong wind, 
or while the ground is frozen so that the normal supply is cut off 
from the roots, and winter-killing thus results. The Russian apples 
are well adapted to withstand the last named condition. 

Soil.— The richness of the soil; its physical characters; its power 
to retain water; and its heating properties are all determinants of 
special adaptations of fruits to a region. but it is not sufficient 
to know that pears thrive on clay, peaches on sand, and apples on 
loamy soils. The varieties of these and of all other fruits have dis- 
tinct preferences. Some varieties, as the Baldwin apple, Bartlett 
pear and Concord grape are cosmopolitan as to soils; but none of 
these, and no variety, is wholly indifferent to even slight variations. 
One of the most important matters before fruit-growers in the 
adaptabilities of fruits and their varieties to soil. 

To some extent we can grow varieties upon soils which are un- 
congenial to them by grafting upon stocks better adapted to the soil 
in question. 

Air currents—Air currents are of minor importance compared 
with the other physical factors but are worthy of attention. Winds 
are beneficial when they bring warm air, when moisture laden, to 
keep frosty air in motion, and sometimes for the suppression of 
insects and fungi. They are detrimental when too dry, too strong, or 
too cold. Natural or artificial windbreaks may greatly modify the 
effects of air currents, though the value of the latter is usually 
over-estimated as their benefits are often offset by their bad effects. 
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Piven COR THE ShVERAL POMOLOGICAL DIS- 
TRIG Bow ten bayvaey (RIC 

A fruit list is an enumeration of the varieties which will thrive 
in a given region. All fruits when grown in different regions 
show variations in size, color, keeping quality and flavor of fruit; 
and in longevity, vigor and productiveness in the tree. Fruit lists 
take into consideration these variations. They show locations of 
dominance of the various varieties ; classify varieties as to their likes 
and dislikes of soils; and indicate the susceptibilities to insect and 
fungus pests. The value of a fruit list is that it enables a fruit- 
grower to specialize more closely —to plant to better advantage. 
Such a list is to some extent an attempt to tell a man in advance 
what to plant. 

A fruit list must not, however, be looked upon as infallible, or 
fixed. Far from it, for we shall never have sufficient knowledge to 
make a perfect list; new and better sorts will continue to appear; 
and lists will always be biased by the prejudices of the man or men 
making them. There is no certainty, either, that a list prepared for 
one region will be adapted to another in which the natural conditions 
seem to be the same. 

For many years the American Pomological Society has issued 
a most serviceable catalogue of the fruits of North America north 
of Mexico. Fruit-growers regard this as the best authority for 
the territory covered as to the adaptability and value of the varieties 
of fruits to different sections. As stated in the last catalogue, “ The 
entire territory is divided into nineteen pomological districts, with 
little regard to State or provincial boundaries, but with primary 
reference to the influence of latitude, elevation, prevailing winds, 
and oceanic and lacustrine exposures upon their adaption to 
pomological pursuits.’ This catalogue, while valuable, is too gen- 
eral. The nineteen large districts need to be subdivided 1f the cata- 
logue is to become of much service to the fruit-grower in the 
selection of varieties for his own locality. 

As a great horticultural State, and because of the diversity of 
its physical features, and by reason of the various atmospheric 
influences to which it is subject, New York is in need of a fruit 
catalogue to serve as a guide in the selection of varieties for the 
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various physiographic divisions within her boundaries. The matter 
herewith presented is the beginning of such a catalogue and includes 
a preliminary list of apples for the various districts of the State. 

The State of New York may be divided into nine primary 
pomological districts in accordance with the physical geography 
of the State but more particularly with reference to the distribution 
of its plants, both wild and domesticated. The chief authorities 
consulted in making such a division are Tarr’s “ The Physical 
Geography of New York State;” the New York Weather Bureau; 
the Weather Bureau of the U. S. Department of Agriculture; the 
Natural History of New York, Vol. 2, “ Botany ” by John Torrey ; 
the horticultural literature of the State; and a subdivision of the 
State made by Beach in collecting information for “The Apples of 
New York.” 

In dividing the State into districts but little attention has been 
paid to the soils. The soils of New York, for most part, have been 
formed by glacial action and have been carried to and fro by the 
same agency, so that in no part of the State is there any great 
degree of uniformity in soil over a large area. Therefore, though 
recognizing that soil is important in determining areas of profitable 
fruit-growing, it has not been thought best to rely much on soil 
formation in laying out the pomological Seles for the apple. 

The following are the districts: 

Long Island.— This district is composed of the sandy lowland of 
Long Island. It is formed by a low plain covered with a thick 
deposit of glacial drift in which sand predominates. The varieties 
of the fruit crops cultivated here, and especially of the apple, are not 
distinctive. The limits of the northern and of southern sorts seem 
to meet, giving a great number of varieties for the district and 
making it difficult to form a definite list. 
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List OF VARIETIES FOR LonG ISLAND. 


c, cider; d, dessert; k, kitchen. 


WORTHY OF TRIAL. RECOMMENDED. WELL RECOMMENDED. 
Home: Home: Home: 
Akin—d Autumn Bough—d k Green and Yellow New- 
Ferdinand—d Bullock—d town—d k 
Huntsman—d k Cox Orange—d Jonathan—d k 
Milden—d k Domine—d k 


Parry White—d 
Victoria—d k 


MARKET: 


Arkansas—k 

Black Ben Davis—k 
Boiken—k 

Eiser—k 

Gano—k 
Huntsman—d k 
Hyde King—k 
Olympia—d k 
Palouse—d 

Wabash Red—d 


LocaL MARKET: 


Akin—d 
Pease—d 
Wint.r Banana—-d k 


Early Harvest—d 
Early Joe—d 

Early Strawberry—d 
iwnglish Russet—d c 
Esopus Spitzenburg—d k 
Fanny—d 

Garden Royal—d 
Golden Russet—d k c 
Golden Sweet—d 
Grimes—d k 
Haskell—d 
Hawley—d 

Holland Pivpin—k 
Jefferis—d 

Jersey Sweet—d 
Keswick—k 

Lady—d 

Late Strawberry—d k 
Longfield—d 
Mother—d 

Porter—d k 
Primate—d 

Summer Pearmain—d 
Swaar—d 


. Titus Pippin—d k 


Tolman Sweet—d k 


CRABAPPLES: 


Gibb—k 
Marengo—d k 
Red Siberian—k 
September—d k 
Transcendent—k 
Whitney—d k 
Yellow Siberian—k 


MARKET: 


Ben Davis—k 

Cooper Marlcet—k 
English Russet—d c 
Esopus Spitsenburg—d k 
(1) Golden Pippin—d k 
Golden Russet—d k c 
Gravenstein—d k 
Grimes—d k 

Lady Sweet—d k 
Maiden Blush—k 


MARKET: 
Baldwin—d k 
Fallawater—k 
Green and Yellow New- 
town—d k 
Hubbardston—d k 
Jonathan—d k 


LocaLt MARKET: 
Fall Pippin—d k 
Sweet Bough—d k 
Yellow Transparent—d k 
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List OF VARIETIFS FoR LonG ISLAND — Continued. 
c, cider; d, dessert; k, kitchen. 
RECOMMENDED. 


Home: 

Mann—k 

Oldenburg—k 

Pumpkin Sweet—k 

Red Astrachan—d k 

Rhode Island Greening— 
dk 

Rome—k 

Roxbury—d k 

Stark—k 

Sutton—d k 

Sweet Winesap—d k 

Tompkins King—d k 

Twenty Ounce—k 

Wagener—d k 

Wealthy—d k 

Westfiela Seek-No-Further 
—d 

York Imperial—d k 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 


LocaL MARKET: 
Chenango—d 
Jacobs Sweet—d 
Lady—d 
Lowell—d k 
McLellan—d 
Melon—d 
Streaked Pippin—d k 
Stump—d 
Yellow Bellflower—k 
Hudson Valley.— The region on both sides of the Hudson from 
Long Island to the Valley of Lake George in Warren and Wash- 
ington counties. The varied topography and the several geo- 
logical formations giving different soils, make it possible, and 
probably desirable, to subdivide this district into several second- 
ary regions. But the district is considered as one in the horti- 
cultural literature of the State; our data have been collected for the 
united district; and since it would complicate the work of making 
out lists very greatly, subdivisions have not been made. 
The complexities of climate, topography and soil, however, must 
be kept in mind in using the table of adaptations. Where the 


region touches the sea shore, and for several miles inland, the list 
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prepared for Long Island will be applicable. 


In the northern part 


of the region and the high altitudes, the varieties resommended 
for the Champlain Valley should receive consideration. 


List OF VARIETIES FOR HupDSON VALLEY. 


WORTHY OF TRIAL. 


HoME: 
Ferdinand—d 
Hoadley—k 
Louise—d 
Milden—d k 
Parry White—d 
Victoria—d k 


MarRKET: 
Bismarck—k 
Black Ben Davis—k 
Boiken—k 
Constantine—k 
Eiser—k 
Gano—k 
Grosh—k 
Hyde King—k 
Olympia—d k 
Palouse—d 
Wabash Red—d 
Wolf River—k 


LocaL MARKET: 
Pease—d 
Winter Banana—d k 


RECOMMENDED. 


HoME: 


Autumn Bough—d k 
Bullock—d 

Cox Orange—d 
Domine—d k 

Early Harvest—d 
Early Joe—d 

Early Strawberry—d 
English Russet—d c 
Fanny—d 

Garden Royal—d 
Golden Russet—d k c 
Golden Sweet—d 
Grimes—d k 
Haskell—d 
Hawley—d 

Holland Pippin—k 
Jefferis—d 


. Jersey Sweet-—d 


Keswick—k 
Lady—d 
Longfield—d 
Mother—d 

Pomme Grise—d 
Porter—d k 
Primate—d 
Summer Pearmain—d 
Swaar—d 

Titus Pippin—d k 
Tolman Sweet—d k 
Williams—d 


CRABAPPLES; 


Gibb—k 
Marengo—d k 
Red Siberian—k 
September—d k 
Transcendent—k 
Whitney—d k 
Yellow Siberian—k 


MARKET: 


Alexander—k 
Barringer—d 

Ben Davis—k 
Cooper Market—k 
English Russet—d c 
Fallawater—k 


(1) Golden Pippin—d k 


Golden Russet—d k c 


c, cider; d, dessert; k, kitchen. 


WELL RECOMMENDED. 


HoME: 
Esopus Spitzenburg—d k 
Green and Yellow New- 
town-—d k 
Jonathan—d k 
Late Strawberry-—d 


MARKET: 

Baldwin—d k 

Esopus Spitzenburg—d k 

Gravenstein—d k 

Green and Yellow New- 
town—d k 

Hubbardston—d k 

Jonathan—d k 

Lady Sweet—d k 

Rhode Island Greening 
—dk 

Sutton—d k 

Sweet Winesap—d k 

Twenty Ounce—k 


Locat Market: 
Fall Pippin—d k 
Sweet Bough—d k 
Yellow Transparent—d k 
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List OF VARIETIES FOR Hupson VALLEY — Continued. 
c, cider; d, dessert; k, kitchen. 


RECOMMENDED. 


Market—Continued. 
Grimes—d k 
McIntosh—d 
Maiden Blush—k 
Mann—k 
Northern Spy—d k 
Oldenburg—k 
Pumpkin Sweet—k 
Red Astrachan—d k 
Red Canada—d k 
Red Hook—k 
Rock Pippin—k 
Rome—k 
Roxbury—d k 
Stark—k 
Tompkins King—d k 
Wagener—d k 
Wealthy—d k 
Westfield Seek-No-Further 

- —d 
York Imperial—d k 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 


LocaL MARKET: 
Chenango—d 
Jacobs Sweet—d 
Lady—d 
Lowell—d k 
McLellan—d 
Melon—d 
Streaked Pippin—d k 
Stump—d 
Yellow Bellflower—k 
St. Lawrence and Champlain Valleys — The high and rolling 
land tributary to Lake Champlain and the St. Lawrence river 
and such parts of the Adirondacks as are adapted to apple-grow- 
ing. Three divisions could well be made of this district; the two 
valleys could be kept distinct, each to include only the area of 
lower land adjacent to the water; and the third to be the high 
uplands which run back into the Adirondacks. We have no data, 
however, which indicate that lists for the three districts would 
differ greatly and we have therefore included them as one. It is 
hardly necessary to say that only the hardiest varieties would thrive 


in the high uplands and that in favored locations near the water 
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some of the more southern and more tender sorts could be grown. 
In the regions near the lakes and the St. Lawrence the length of 
the growing season is one of the most important factors governing 
the suitability of varieties. 


List OF VARIETIES FOR St. LAWRENCE AND CHAMPLAIN VALLEYS. 


¢, cider; d, dessert; k, kitchen.’ 
WORTHY OF TRIAL. RECOMMENDED. WELL RECOMMENDED. 


LLOME: HoME: Home: 


Adirondack—k 

Fall Harvey—d 
Gideon Sweet—d k 
Golden Sweet—d 
Hilaire—d 
Hoadley—k 
Louise—d 
Milden—d k 
Prolific “weeting—d 
Rolfe— k 

Russian Baldwin—k 
Scarlet Pippin—dk 
Titovka—k 
Windsor—d 


MARKET: 
Arctic-—k 
Boiken—k 
Cranberry Pippin—k 
Dudley—k 
Eiser—k 
Fishkill—k 
Gideon Sweet—d k 
Hyde King—k 
Malinda—k 
Milwaukee—k 
Northwestern 
Greening—d k 
Oel Austin—d k 
Ontario—d k 
Patten—k 
Rutledge—k 
Starkey—d 
Wolf River—k 


Blue Pearmain—d k Yolman Sweet—d k 


Canada’ Baldwin—d 


Jewett Red—d MarkKET: 
Longfield—d Baxter—k 
Northern Sweet—d Fameuse—d 
Pomme Grise—d McIntoskh—d 


Oldenburg— k 
is Scott—k 


St. Lawrence—d 


CRABAPPLES: Stone—d k 
Gibb—k Wealthy—d k 
Marengo—d k 


LocaL MARKET: 
Bethel—d k 


Red Siberian—k 
September—d k 
Transcendent—k 
Whitney—d k 
Yellow Siberian—k 


MARKET: 


Alexander—k 
Bismarck—k - 
Constantine—k 
Gravenstein—d k 
Hibernal—k 
Pewaukee—k 

Red Astrachan—d k 
Red Canada—d k 


CRABAPPLES: 


Excelsicr—d k 
Florence—k 
Hyslo-—k 
Martha—d k 


LocaL MARKET: 


Blue Pearmain—d k 
Canada Baldwin—d 
Jewett Red—d 

Yellow Transparent—d k 


Mohawk Valley.— The valley of the Mohawk from Oneida Lake 
to the Valley of the Hudson. This district is one of indistinct 


boundaries and possibly should be divided into the Upper Mohawk 
and the Lower Mohawk districts in which case the Lower Mohawk 
could include the Schoharie Valley where some fruits succeed re- 
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markably well. A fruit list for the lower. Mohawk would include 


some sorts recommended for the Hudson Valley. Hardiness is a 
prime requisite for the upper Mohawk, though since the season 


. 


is somewhat longer some varieties can be grown which will not 
thrive in the district to the North. 


List OF VARIETIES FOR MOHAWK VALLEY. 


c, cider; d, dessert; k, kitchen. 


WORTHY OF TRIAL. RECOMMENDED. WELL RECOMMENDED. 
Home: Home: Home: 
Hutaire——d Canada Baldwin—d Esopus Spitzgenburg (Scho- 
Hoadley—k Early Strawberry—d harie Valley)—d k 
Louise—d Golden Russet—d k c Tolman Sweet—d k 
Milden—d k Golden Sweet—d ' 
Rolfe—k Jewett Red—d MARKET: 
Scarlet Pippin—d k Longfield—d Alexander—k 
Titovka—k Pomme Grise—d Esopus Spitzenburg (Scho- 
Victoria—d k harie Valley)—d k 
CRABAPPLES; Fameuse—d 
MarRkET: , Gibb—k Gravenstein—d k 
Arctic—k Marengo—d k McIntosh—d 
Bismarck—k Red Siberian—k Northern Spy—d k 
Boiken—k September—d k Oldenburg—k 
Constantine—k Transcendent—k Wealthy—d k 
Cranberry Pippin—k Whitney—d k 
Dudley—k Yellow Siberian—k 
Eiser—k 
Fishkill—k MarKET: 
iyashaac Baldwin—d k 
Hyde King—k Baxter—k 
Olympia—d k Golden Russet—d k c 
Ontario ack Hubbardston—d k 
Starkey—d Karkland—k 
etna aie Lady Sweet—d k 
Walt *Rivercakc Red Astrachan—d k 
Red Canada—d k 
Locat Market: Rhode Island Greening 
Winter Banana—d k —d 
Roxbury—d k 
Stone—d k 


Sweet Winesap—d k 
Westfield Seek-No-Further 
—d 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 





LocaL MARKET: 
Canada Baldwin—d 
Chenango—d 
Jewett Red—d 
Melon—d 
Stump—d 
Yellow Transparent—d k 
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Eastern Plateau. The Catskills and the high plateau to the 
west reaching to the basin of the Central Lakes. The western 
boundary of this region cannot be drawn with definiteness but 
the eastern boundary is well drawn being the highlands overlook- 
ing the Hudson Valley. Both the wild and the cultivated flora in 
this great region are variable in its different parts and in accordance 
with these differences, and to agree with the topography of the 
district, several subdivisions could be made. But it is an agri- 
cultural belt rather than a pomological one, though the apple suc- 
ceeds remarkably well in some valleys, and apple growing is not 
sufficiently well developed to furnish data for reliable lists for all 
possible districts. The varieties named in the lists given are those 
which succeed well under many conditions and especially those of 
a somewhat adverse climate since so much of this district is moun- 
tainous or high and therefore cold. 


List OF VARIETIES FOR EASTERN PLATEAU. 
.c, cider; d, desseri; k, kitchen. 
WORTHY OF TRIAL. RECOMMENDED. WeLL RECOMMENDED. 


Home: Home: Home: 
Hilaire—d Autumn Bough—d k Esopus Spitzenburg—d k 
Hoadley—k Early Strawberry—d 
Louise—d Golden Russet—d k c MARKET: 


Wabash Red--d 
Wolf River—k 


LocaL MARKET: 


Pease—d 
Winter Banana—d k 


Milden—d k Golden Sweet—d Baldwin—d k 
Rolfe—k Haskell—d Esopus Spitzenburg—d k 
Scarlet Pippin—-d k Hawley—d Hubbardston—d k 
Titovka—k Jersey Sweet—d McIntosh—d 
Victoria—d k Jonathan—d k Northern Spy—d k 
Longfield—d Rhode Island Greening 
MARKET: Pomme Grise—d —dk 
Alexander—k Swaar—d Sweet Winesap—d k 
Bismarck—k Tolman Sweet—d k 
Boiken—k 
Constantine—k CRABAPPLES: 
Gibb—k 
Home: 
Eiser—k Home: 
Fishkill—k Marengo—d k 
Grosh—k Red Siberian—k 
Hyde King—k September—d k 
Olympia—d k Transcendent—k 
Ontario—d k Whitney—d k 
Palouse—d Yellow Siberian—k 
Starkey—d : 
Sutton—d k MARKET: 


Golden Russet—d k c 
Gravenstein—d k 
Jonathan—d k 

Lady Sweet—d k 
Maiden Blush—k 
Mann—k 
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List OF VARIETIES FOR EASTERN PLATEAU — Continued. 
c, cider; d, dessert; k, kitchen. 


RECOMMENDED. 


MARKET: 
Oldenburg—k 
Pumpkin Sweet—k 
Red Astrachan—d k 
Red Canada—d k 
Rome—k 
Roxbury—d k 
Stark—k 
Tompkins King—d k 
Wagener—d k 
Wealthy—d k 
Westfield Seek-No-Further 

—d 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 


LocaL MARKET: 
Chenango—d 
Jacobs Sweet—d 
Melon—d 
Stump—d 
Yellow Bellflower—k 
Yellow Transparent~d k 


Central Lakes—— The great basin in which lie the Central, o1 
Finger, Lakes, a region of very indefinite boundaries the fruit 
lands of which lie for most part in the lower and more level lands 
near the lakes. A glance at the accompanying list of apples will 
give an idea of the importance of this district in the apple industry. 
Unusually favorable conditions prevail in this and in the district 
to the north for the growth of the apple and especially favorable 
in the matter of climate. This and the following district comprise 
for most part what is known as the Western New York apple belt 
— far famed for the quality anl quantity of the product. 

One of the chief assets of the Western New York apple belt, 
as has been indicated, is its climate. The climate as a whole is one 
of comparatively uniform temperatures and with well regulated 
conditions of humidity, both brought about by the large deep bodies 
of water in or adjoining the districts. A wide range of varieties 
is adapted to both districts, but nevertheless a few sorts, in a com- 
mercial way at least, have gained and maintain the lead. 
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List OF VARIETIES FOR CENTRAL LAKES. 


WORTHY OF TRIAL. 


Home: 
Akin—d 
Cox Orange—d 
Hoadley—k 
Louise—d 
Milden—d k 
Parry White—d 
Scarlet Pippin—d k 
Skank—d 
Victoria—d k 


MARKET: 
Babbitt—k 
Bismarck—k 
Black Ben Davis—k 
Constantine—k 
Deacon Jones—k 
Eiser—k 
Gano—k 
Grosh—k 
Hyde King—k 
Kirkland—k 
Lee Sweet—k 
Olympia—d k 
Ontario—d k 
Palouse—d 
Wabash Red—d 
Wolf River—k 


Locat MARKET: 
Akin—d 
Pease—d 
Winter Banana—d k 


c, cider; d, dessert; k, kitchen. 


RECOMMENDED. 


HoME: 
Autumn Bough—d k 
Early Harvest—d 
Early Joe—d 
Early Strawberry—d 
Esopus Spitzenburg—d k 
Fanny—d 
Garden Royal—d 
Genesee Flower—k 
Golden Russet—d k c 
Golden Sweet—d 
Haskell—d 
Hawley—d 
Jefferis—d 
Jersey Sweet—d 
Keswick—k 
Longfield—d 
Mother—d 
Pomme Grise—d 
Porter—d k 
Primate—d 
Seneca Favorite—d 
Summer Pearmain—d 
Swaar—d 
Tolman Sweet—d k 


CRABAPPLES: 
Gibb—k 
Marengo—d k 
Red Siberian—k 
September—d k 
Transcendent—k 
Whitney—d k 
Yellow Siberian—k 


MARKET: 
Ben Davis—k 
Esopus Spitzenburg—d k 
(1) Golden Pippin—d k 
Golden Russet—d k c 
Lady Sweet—d k 
Maiden Blush—k 
Mann—k 
Oldenburg—k 
Red Astrachan—d k 
Rome—k 
Stark—k 
Sutton—d k 
Wagener—d k 
Wealthy—d k 


Westfield Seek-No-Further 


—d 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 


WELL RECOMMENDED. 


HoME: 
Late Strawberry—d 


MARKET: 
Alexander—k 
Baldwin—a k 
Boiken—k 
Gravenstein—d k 
Hubbardston—d k 
McIntosh—d 
Northern Spy—d k 
Pumpkin Sweet—k 
Red Canada—d k 
Roxbury—d k 
Sweet Winesap—d k 
Tompkins King—d k 
Twenty Ounce—k 
Rhode Island Greening 

—dk 


Locat MARKET: 
Fall Pippin—d k 
Sweet Bough—d k 
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List OF VARIETIES FOR CENTRAL LAKES — Continued. 


c, cider; d, dessert; k, kitchen. 
RECOMMENDED. 


LocaL MARKET: 
Chenango—d 
Green Sweet—k 
Jacobs Sweet—d 
Lowell—d k 
McLellan—d 
Melon—d 
Stump—d 
Yellow Bellflower—k 
Yellow Transparent—d k 


t 


Ontario Shore. The plain along the shore of Lake Ontario 
from the valley of the St. Lawrence to the Niagara River, extend- 
ing from the Lake on the north a distance of several miles inland 
to an escarpment of limestone in the neighborhood of 600 feet in 
height. The plain is broken up by a series of parallel hills — the 
drumlins of the geologists. It differs from the preceding district 
chiefly in the matter of soils. Several distinct types of soils to 
be found in the Ontario Shore district seem to be well suited to 
the apple. For most part the soil is sandy or loamy, easily drained 
and worked. Soil and climatic conditions are such that trees are 
large, productive and long-lived and the fruit is of excellent quality. 
The list of varieties is largely the same as that recommended for 
the preceding district. 


List OF VARIETIES FOR ONTARIO SHORE. 


c,, cider; d, dessert; k, kitchen. 


WORTHY OF TRIAL. RECOMMENDED. WELL xw.j2COMMENDED. 
HoME: Home: MarKET: 
Brown Sweet—d k Autumn Bough—d k Alexander—k 
Cox Orange—d Early Harvest—d Baldwin—d k 
Hoadley—k Early Joe—d Grevenstein—d k 
Louise—d Early Starwberry—d Hubbardston—d k 
Milden—d k Esopus Spitzenburg—d k McIntosh—d 
Parry White—d Fanny—d Northern Spy—d k 
Scarlet Pippin—d k Garden Royal—d Oldenburg—k 
Skank—d Genesee Flower—k Pumpkin Sweet—k 
Victoria—d k Golden Russet—d k c Red Canada—d k 
Golden Sweet—d Rhode Island Greening 
MARKET: Haskell—d —dk 
Babbitt—k Hawley—d Roxbury—d k 
Bismarck—k Jefferis—d Sweet Winesap—d k 
Black Ben Davis—k Jersey Sweet—d Tompkins King—d k 
Constantine—k Keswick—k Twenty Ounce—k 


Deacon Jones—k Late Strawberry—d Wealthy—d k 
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List oF VARIETIES FOR ONTARIO SHORE — Continued. 


WORTHY OF TRIAI.. 


MARKET: 


Eiser—k 
Gano—k 
Grosh—k 
Hyde King—k 
Lee Sweet—k 
Olympia—d k 
Ontario—d k 
Palouse—d 


c, cider; d, dessert; k, kitchen. 


RECOMMENDED. WELL RwCOMMENDED. 


HoME: LocaL MARKET: 


Longfield—d 
Mother—d 

Pomme Grise—d 
Porter—d k 
Primate—d 

Summer Pearmain—d 
Swaar—d 

Tolman Sweet—d k 


Fall Pippin—d k 
Sweet Bough—d k 


Wabash Red—d 


Wolf River—k CRABAPPLES: 
Gibb—k 
Locat MARKET: Marengo—d k 
Pease—d Red Siberian—k 


September—d k 
Transcendent—k 
Whitney—d k 
Yellow Siberian—k 


Winter Banana—d k 


MaRKET: 
Ben Davis—k 
Boiken—k 
Cooper Market—k 
Esopus Spitzenburg—d k 
(1) Golden Fippin—d k 
Golden Russet—d k c 
Lady Sweet—d k 
Maiden Blush—k 
Mann—k 
Red Astrachan—d k 
Rome—k 
Stark—k 
Sutton—d k 
Wagener—d k 
Westfield Seek-No-Further 

—d 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 


LocaL MARKET: 
Chenango—d 
Green Sweet—k 
Jacobs Sweet—d 
Lowell—d k 
McLellan—d 
Melon—d 
Stump—d 
Yellow Bellflower—k 
Yellow Transparent—d k 


Erie Shore.— The plain along the shore of Lake Erie from the 
Niagara River to the western boundary of the State, a very narrow 
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strip of land bounded on the south by a high escarpment and 
gradually descending beneath the lake level on the north, This 
district is largely given up to grape growing and it has been exceed- 
ingly difficult to secure sufficient data from which to form a list 


of apples. 


WORTHY OF TRIAL. 


Home: 
Cox Orange—d 
Hoadley—k 
Louise—d 
Milden—d k 
Parry White—d 
Victoria—d k 


MARKET: 
Babbitt—k 
Bismarck—k 
Boiken—k 
Constantine—k 
Deacon Jones—k 
Eiser—k 
Grosh—k 
Hyde King—k 
Olympia—d k 
Palouse—d 


HOME: 
Wabash Red—d 
Wolf River—k 


LocaL MARKET: 
Pease—d 
Winter Banana—d k 


RECOMMENDED. 


HOME: 
Autumn Bough—d k 
Early Harvest—d 
Early Joe—d 
Early Strawberry—d 
Esopus Spitzenburg—d k 
Fanny—d 
Garden Royal—d 
Golden Russet—d k c 
Golden Sweet—d 
Haskell—d 
Hawley—d 
Jefferis—d 
Jersey Sweet—d 
Keswick—k 
Late Strawberry—d 
Mother—d 
Pomme Grise—d 
Porter— dk 
Primate—d 
Summer Pearmain—d 
Tolman Sweet—d k 


Ly 


t 
CRABAPPLES: 


Gibb—k 
Marengo—d k 

Red Siberian—k 
September—d k 
Transcendent—k 
Whitney—d k 
Yellow Siberian—k 


MARKET: 
Alexander—k 


Epsopus Spitzenburg—d k 


(I) Golden Pippin—d k 
Golden Russet—d k c 
Gravenstein—d k 
Lady Sweet—d k 
Maiden Blush—k 
Northern Spy—d k 
Red Astrachan—d k 
Red Canada—d k 
Rome—k 

Stark—k 

Sutton—d k 

Sweet Winesap—d k 
Tompkins King—d k 


List OF VARIETIES FOR ERIE SHORE. 


c, cider; d, dessert; k, kitchen. 


WELL RECOMMENDED. 


MARKET: 
Baldwin—d k 
Hubbardston—d k 
McIntosh—d 
Oldenburg—k 
Pumpkin Sweet—k 
Rhode Island Greening 

—dk 

Roxbury—d k 
Wealthy—d k 


LocaL MARKET: 
Fall Pippin—d k 
Sweet Bough—d k 
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List OF VARIETIES FOR Erte SHorE — Continued. 


c, cider; d, dessert; k, kitchen. 
RECOMMENDED. 


MARKET: 
Twenty Ounce—k 
Wagener—d k 
Westfield Seek-No-Further 
—d 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 


Locat Market: 
Chenango—d 
Jacobs Sweet—d 
Lowell—d k 
McLellan—d 
Melon—d 
Stump—d 
Yellow Bellflower—k 
Yellow Transparent—d k 


Western Plateau.— The high plateau to the south of the Ontario 
and Erie Shores and west of the Central Lakes. This, like the 
Eastern Plateau, is a region of indefinite boundaries, varied topo- 
graphy, and relatively of smaller importance in the apple industry 
than the neighboring districts. Here again it has been difficult to 
get sufficient data upon which to base a list and it has been necessary 
to resort to some extent to making comparisons as to the behavior 
of varieties in other districts where conditions seem to be much 


the same. 
List OF VARIETIES FOR WESTERN PLATEAU. 
c, cider; d. dessert; k, kitchen. 
WORTHY OF TRIAL. RECOMMENDED. WELL RECOMMENDED. 
Home: HoME: MARKET: 
Cox Orange—d Early Harvest—d Baldwin—d k 
Hoadley—k Early Joe—d Hubbardston—d k 
Louise—d Early Strawberry—d Rhode Island Greening— 
Milden—d k Esopus Spitzenburg—d k dk 
Parry White—d Fanny—d Roxbury—d k 
Victoria—d k Garden Royal—d Tompkins King—d k 
Genesee Flower—k Sweet Winesap—d k 
MARKET: Golden Russet—d k c 
Alexander—k Haskell—d LocaL MARKET: 
Babbitt—k Hawley—d Fall Pippin—d k 
Bismarck—k Jefferis—d 
Boiken—k Jersey Sweet—d 
Constantine—k Keswick—k 


Eiser—k Late Strawberry—d 
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List OF VARIETIES FOR WESTERN PLATEAU — Continued. 


c, cider; d. dessert; k, kitchen. 


WORTHY OF TRIAL. RECOMMENDED. 
MarkKET: HoME: 
Grosh—k Mother—d 
Hyde King—k Pomme Grise—d 
Lee Sweet—k Porter—d k 
Olympia—d k Primate—d 
Palouse—d Summer Pearmain—d 
Sutton—d k Tolman Sweet—d k 
Wabash Red—d 
Wolf River—k CRABAPPLES: 
Gibb—k 
LocaL MARKET: Marengo—d k 
Pease—d Red Siberian—k 
Winter Banana—d k September—d k 
Transcendent—k 
Whitney—d k 


Yellow Siberian—k 


MARKET: , 
Esopus Spitzenburg—d k 
(1) Golden Pippin—d k 
Golden Russet—d k c 
Gravenstein—d k 
Lady Sweet—d k 
McIntosh—d 
Maiden Blush—k 
Mann—k 
Northern Spy—d k 
Oldenburg—k 
Pumpkin Sweet—k 
Red Astrachan—d k 
Red Canada—d k 
Rome—k 
Stark—k 
Twenty Ounce—k 
Wagener—d k 
Wealthy—d k 
Westfield Seek-No-Further 

—d 


CRABAPPLES: 
Excelsior—d k 
Florence—k 
Hyslop—k 
Martha—d k 


LocaL MARKET: 
Chenango—d 
Lowell—d k 
McLellan—d 
Melon—d 
Stump—d 
Sweet Bougn—d k 
Yellow Bellflower—k 
Yellow Transparent—d k 
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VARIETIES DISCARDED AS UNWORTHY A PLACE IN 
a LiboAPELES OF NEW. YORK.” 


A catalogue of the apples of New York is not complete without 
a list of varieties discarded as unworthy of consideration. Such a 
list becomes a historical record which may serve to prevent the 
wider distribution of the black-listed sorts, the multiplication of 
synonyms, the reintroduction of the worthless sorts at some future 
time, and to serve in the comparative study of the apple. The 
varieties listed are those which are grown either on the Station 
grounds or in some part of the State and therefore were eligible to 
discussion in “ The Apples of New York;’ the list is not a sys- 
tematic collection of unworthy sorts for the whole country. 


VARIETIES DISCARDED. 


Ananarnoe, Mellott, 

Bancroft, Melonen, 

Blood Red (crab), Mzensk Sweet, 

Champaign, Old Century, 

Charlock Reinette, Persian Bogdanoff, 

Crimean, ; Rebel, 

Daddy, Sankermanky, 

Dickens Sweet, Sigfried, 

Early Melon, Smelling, 

Glass Green, Striped Winter, 

Golden Winter Pearmain (of Summer Red Calville, 
Hogg), Sweet Romanite, 

July Cluster, Vochin Crimean, 

Late Duchess, Voronesh Rosy, 

Letitz, White Doctor, 

Manwaring, William Prince. 


Paria tiksS NOT. SUFFICIENTLY TESTED, TO FIND A 
PEAGE-INs* THE-APPLES OF NEW. YORK? 


To complete the survey of contemporary varieties, it is worth 
while adding a list of the sorts now on the Station grounds which 
have not been sufficiently tested to warrant publication of their 
qualities. This list neither recommends nor condemns the varie- 
ties mentioned. The names published are those under which the 
trees have been received and until tested further the Station cannot 
vouch for their correctness. 

24 
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Alabama, 
Alegerienne, 
Alice, 

American Best, 
American Codling, 
Anis Rose, 
Armorel, 
Ashton, 

Avery, 

Axident, 
Barnes Choice, 
Barton, 
Battyana, 
Bayard, 

Beauty of Bath, 
Berkoff, 
Bloomfield, 
Blushing Bride, 
Bostick Queen, 
Brackett, 
Bramley, 
Brown, 

Buda Summer, 
Calville de Oullins, 
Centennial, 
Challenger, 
Cheshunt, 
Chester, 
Cleopatra, 
Colonial Pippin, 
Counseilor Niemetz, 
Cross, 

Daru, 

De Chataignier, 
Delicious, 

D’ Eve, 

Dickey, 

Dixon, 

Dona Maria, 
Draper Best, 
Eicke, 

Ensee, 

Eper, 
Fillepasable, 


APPLES NOT FULLY TESTED. 


Frosakers, 
Gascoyne, 

Gem, 

Gerard, 
Gimmersta, 
Golden Noble, 
Golden Nonpareil, 
Golden Pearmain, 
Gold Ridge, 
Gracie, 

Graf Luxbury, 
Grand Duke Michels Pearmain, 
Halt, 

Hanlon Sweet, 
Headlight, 
Hedrick, 

Henry Clay Summer, 
Hohenheimer, 
Houghton, 
Houghton Sweet, 
Huntereon, 
Hurne, 

Teanne Hardy, 
Jersey Blue, 
Johnsonite, 
Jones, 

Keskemet, 

King David, 
King of Pippins, 
Lady Sudeley, 
Lancaster, 

Large Yellow Pippin, 
Legal Tender, 
Lombard, 
Longevity, 
Longkeeper, 
Lord, 

Luckey, 
McCrosky, 
Magnolia, 
Magyar, 

Mexico, 

Mihalyfi, 

Mock, 
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APPLES NOT FULLY TESTED — Concluded. 


Mon Desire, 

Moore Extra, 
Morse, 

Munroe Favorite, 
Nichner Strawberry, 
Noble Sovar, 
Norton Red, 

Nyari Piros, 

Nyari Vaj. 

Oak, 

Oberly Late Keeper, 
Old Garden, 

Olga, 

Oramie, 

Oszi “Vaj., 

Ozone, 

Paul Long, 

Peach Blow, 

Perry, 

Pioneer, 

Prince Double, 
Prince Rudolph, 
Prince Rudolph Imperial, 
Princess Fossia, 
Princess Wilhelma von Preussen, 
Purity, 

Queen of the West, 
Red Carver, 

Reders Gold Reinette, 
Red Paradise, 

Red Queen, 

Red Statiner, 
Regmalard, 

Richard Early Winter, 
Ringstads, 

Rioter, 

Rittenhouse, 

Robert, 

Robine, 

Royal Snow, 

Ruby Gem, 
Rutherford, 


Sandbrook, 

Sekula, 

Shannon Improved, 
Shepherd Perfection, 
Shull, 

Skelton, 
Skruishappel, 
Snyder, 

Spasovka, 
Springdale, 

Staringe, 

Stenkyrke, 

Sterns, 

Striped July, 
Sulphur, 

Summer Wafer, 
Superb Sweet, 
Svensk Vinter Postof, 
Sweet Jonathan, 
Sweet Longfield, 
Terdika, 

T. H. Gold Reinette, 
Transparent de Cronals, 
Tukor, 

Two Faced, 

Ulysses, 

Upp, 

Vancouver, 
Vandevere Improved, 
Ver, 

Virginia Beauty, 
Voronesh Red Summer, 
Wagener Improved. 
Wakeman, 
Whinnery, 

Wiener, 

Winter Citron, 
Winterstein, 

York Stripe, 

Zoar, 

Zolotoreff, 

Zuzoff Winter. 
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ABBREVIATIONS AND MARKINGS. 
Size.—1, large; m, medium; s, small; v, very. 
Form.— a, angular ; c, conical; i, irregular; 0, oblate; ob, oblong ; 
Ov, ovate; r, roundish. 
Color.—b, blush; c, carmine; d, dark; g, green; 1, light; r, red; 
ru, russet; s, striped; w, white; y, yellow. 
Flavor.—a, acid; b, brisk; m, mild; s, sweet; sa, subacid. 
Quality.— b, best; g, good; f, fair; p, poor; v, very. 
Use.—c, cider; d, dessert; k, kitchen. 
Market.—h, home; e, export; lm, local market; m, market. 
Season.— The abbreviations of the months. 
Starring.— *, recommended; **, well recommended; +, worthy 
of trial; —, undesirable; blank, not reported on. 


NOTE: Varieties in the following table, as well as in the 
preceding lists, that are “ well recommended” for market are 
also usually well adapted for home use. 
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VARIETY. = : 
eS) . 
: ¢ 6 B 5 iy, a 
: 5) a ° a o an Py ray & 
9° S S) 4c) fe 3 $ w S "E 
a na em oO em Q n P = Oo 
Lo Adirondack =... m Teh(e Vaes msa| g Oct:; Jan; | °K h NeeYs 
2°) Admirable.. oo... m roc gy msa| g—vg | Oct., Jan. d h Eng. 
oD Aedes Kin ae recom meters m roi Vatis bisa Jan., June | d hlm | Ill 
cial ees Wl os chat ity rns cch-c 1—v1 rob ye m sa Oct.; tan. (dei Unis 
bal Alexanders aetna vl EO yrs msa| f—g Sept., Nov.| k m Rus. 
6 =) 1b): Allinstons’. =.).-—1 £1 87y-2'S Cl bisa lee Nov., Jane ak diab Eng. 
*( iisonte et eee m oa ers m sa| f Mar., May | k m Tenn 
SaleAmassia. sete eee m TC ygers msa| g—vg | Dec., Apr. | d h Eu. 
9 | American Blush.. 
10 | American Pippin.| m oO ons msa| p—g May Naqem |je ol Unk. 
DLS PATS te ist eel ee m—s ro yb bsa| f—g Nov., Mar. Unk. 
124) Amsterdam... .. m ro gyrs s g Oct., Nov. | d h NYS 
LO SPAN GTeWwSs% vende s foc yers msa| f—g Mar., June/] d h Unk. 
La alc AgISiaing se cit ako m—s Tue gyr msa| g Oct., Dec d h Rus. 
LOMA DEONOVKa. ase 1 i y bsa| g Oct. k h Rus. 
L643) A port Orient... +. 1 robice|ey rs m sa| f Aug. k h Rus. 
fan AT ChiC wea nice 1—m i OC yrs msa| g Oct. Febe ek m Ney 
18a Arkansass. ste) lr +iG gyrs sa g Dec., May | k m Ark. 
19 | Arkansas Beauty.| m—l Tc gyrs msa| g Jan., Feb. | k m Ark. 
20 | Arkansas Black...) m r ydr bsa| g—vg | Dec., Apr. | k m Ark. 
Sl eeeArn lich tam ke tacaas m- fo) ywb m sa| vg Nov., Mar. | d h Can. 
22 ae ATEN UD ccer ra ad's ob yers sa f—g Oct jan. k h has 
Zed MATIC ee valias mane m tac Vis bsa | g—vg | Oct., Jan. k h Fr, 
oo BCA TIORIS bess ie ecicn eeee m—s £ O1C gyrs msa| f Aug., Sept.) k h Minn. 
25. \ Augustine, .;..%.- —l Tobicel its s g Aug. d h Unk. 
26 | Autumn Bough...| 1 obec y s vg Aug., Sept.| dk | h Am 
27 | Autumn Streaked.) 1 ro yrs sa g Sept. k h Rus. 
28 | Autumn Swaar...| m—l roc gy msa| vg Sept. bk aa Unk. 
29 | Autumn Sweet 
Owaatne oem ] ro y vs vg—b | Sept., Oct. | d h Unk, 
SUS Bab bithae. emus ye 1 ro yrs bsa}| g—vg | Nov., Feb. | k m Ill. 
31 | Bailey Spice.....| m a y sa g—veg | Sept., Oct. | d h Ne Y. 
32 | Bailey Sweet..... 1—m rc vrs s vg Oct Jan, oS ll dal Nisyen 
SORES tC OT ee eats oiaete m—l rc yers msa| g Octz, Feb. | k m Conn. 
34 | Baker Sweet, .... m r y Ss g—ve | Nov., Dec. | d h Conn. 
Sele Dale wither. oe 1 ZG y rs bsa| g—vg | Nov., Mar.| dk | m Mass 
36 | Banana Sweet....| 1 rc gyb s g Jan., "Mar. | dk | h N. J 
SiMe Banksia ieee eee A bud sport of Gravenstein, much higher colored than that variety. 
Bou) ~EADCISE, onic ety m—s or yrs msa| f—g Jan., June.| d h Ky. 
a9c4)-Sarhel cs, ade m—l | oc yr sa g Oct., Feb. | d h Rus. 
40 | Barringer........ 1—m rc rs msa| vg Dec., Mar. | d m Noaye 
41 ATTY eee eee m—1 ro yb besa | 2g Feb., June | k m Nveyg 
S27 Batullens mse ae eK: yb sa vg Nov., Mar. | d h Eu. 
AS BRKteS cess 1—vl tC ves msa| f—g Nov., Jan. | k m Can 
fA Deach Ae m r yrs sa {—g Feb., May | k m Ark. 
45 | Beautiful Arcad..| m ob ee | s ve Aug., Sept.| d h Rus. 
46 | Beauty of Kent.. | 1 ra gyrs sa g Oct., Nov. | k h Eng. 
47 | Belborodooskoe ..| m—l r gy msa| g Aug. k h Rus. 
48 | Belle et Bonne...| 1—vl ro ye msa| g Nov.; Jamee m Eu. 
495 Belmonte ron ses m—1 LObDiCwity.b m sa] vg Oct., Feb: | Kk d=2j=hiimeiePas 
HOM a Bene Davisn a. eee m—] FOU Cet s msa| g Jan., June | k m Ky.? 
51 | Benninger...... m ro yr m sa] g Aug., Sept.|] d h Pa. 
SOR AP fepovoy obly Wires en Apes, m Tc yr sa g—vg Aug., Sept.| d h Mass. 
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Promising early winter apple for Northern New York. 
Not recommended for cultivation in‘'New York. 
newly introduced beautiful apple of good quality. 
Worthy of testing. 

Surpassed by others of its season. 

Tree characters good. Fruit large and beautiful but of only 
fair quality. Promising commercially. 

An English variety not tested in New York. 

A Sea, apple which does not appear promising in New 

ork. 

An European variety of doubtful value for New York. 

Locally applied to Hubbardston. 

Probably two varieties under this name. 

A Southern variety worthless in New York. 

Not known outside of locality in which it originated. 

Worthless in New York. 

May be of value where superior hardiness is a prime requisite. 

Of no value for New York. 

Not recommended for New York. 

Worthy of trial in Northern New York. 

Valuable in the South but not in New York unless it be in 
Long Island. 

Not valuable. 

Not valuable in New York unless it be in Long Island. 

A Northern Spy seedling. Too tender for market. May be 
valuable for home use. 

A Northwestern variety nearly as hardy as Oldenburg. 

A French apple of doubtful value here. 

Not recommended for New York. 

Now unknown in New York. 

Tree characters good. Ranks among our best sweet apples 
for home use, 

Somewhat like the Oldenburg but surpassed by that variety. 

haga ae vigorous but lacks productiveness. Now seldom 
planted. 


Crowded out by better sorts of its season. 

Although a shy bearer in Eastern New York, promising in 
western part of State. 

Now nearly obsolete in New York. 

An old variety. Fruit of fine appearance. Tree characters 
undesirable. 

An old variety superceded by the Baldwin. Nearly obsolete. 

An old variety, productive. No commercial importance. 

Standard winter apple of New York. 

Little known in New York. 


Fruit very inferior. 

A hardy tree bearing rather inferior fruit. 

A promising apple long known in Columbia County. 

A recent introduction not well tested. 

Unproductive at this station. 

Valuable in Northern New York. Blue Pearmain type. 

New. Not promising in this State. 

Not recommended for New York. 

It is but little known in New. York. 

Not worthy of attention in this State. 

An old variety not equal to standard kinds. 

Valuable for home orchards only. Tree susceptible to dis- 
ease. Fruit does not ship well. 

Trees hardy, healthy, vigorous, productive. Lacking in 
quality. 

A pleasant flavored dessert apple. Not welltestedinN. Y. 

A fine dessert apple, attractive, excellent quality. Not 
large enough for market. 
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Bentleys crcetaee i m tT OVDCia yen.s s g Dec., May. | k n Valet 
Bervens. eee m tf gwrs msa| g jJan,,)-Feb. 9) Kaden Naya 
Bess, POoleemereste - m rc yrs bsa| g Nov., Mar.| dk | h Eng. 
Bethelce reese ce 1 re Vitis msa| f{—g Nov., Mar. | kd: |} Im GES 
Bethlehemite..... m Toc Vieirs msa| g—vg | Nov., Mar. | dk h O.? 
Bietigheimer..... vl Lone yrs sa f—g Sept., Oct. | k m Ger. 
Billysbondenmecas 1—m TiOb Ca leyats sa g Oct...) anaes m IN. Ye 
Bitthaes cama m—l re gy bl m sa! f Sept. k h Rus. 
Bismarcles: se eves 1—v1l roc yrs sa f—g Oct., Dec. | -k m N.Z 
Black Annette....| m—s r Tr msa| g Nov., Dec. | d h Unk. 
Black Annette....| m ro gdrs m sa| vg Dec., Apr. | d ia] Unk. 
Black Ben Davis .| m—l rc ydr msa| g Jan Apts aks m Ark. 
Black Gilliflower.,| m—l obec Vi gid seemesaie Oct., Feb. | d hm Am. 
Black Jersey. 2. -. m r ydrs msa| f{—g Nov., Feb. | d h Unk. 
| eaten herr. wcs. tah 1—m Foc Var msa| g—vg | Oct., Dec. dkeah Eng. 
Blue Pearmain...| 1—m r ydrs msa| g Oct., Mar. | dk | hlm | Unk 
Blushed Calville. .| m—l rc ye sa f{—¢ Aug. k h Rus 
Bogdanoff Glass. .| 1 rc gyb bsa| f—g Nov., Feb. | k lm Rus. 
BO1iker axcieteneaor m—vl | o yb bsa| ¢g Nov.. Mar. | k m Eu. 
Bontimpeaeete m—1 oO yrs m sa| vg Sept., Nov.| d n Nee 
Borovinkare a: m—1 I Vtis sa g Aug., Sept.| k h Rus 
Borsdort ener m—s fe) yb m sa} f Nov., Feb. | k h Ger 
Boskoop.s 4.06 oc. oO yer bsa| g Sept., Nov.) k m Eu. 
Boston Russet....| m rc yeru msa| f—g Jani. Apr sink h Neva 
Bottle Greening ..| m—1 Loc gyb sa g—veg | Oct., Mar. | dk | hlm | Vt.? 
Boy’s Delight....| m z Piys msa| g Oct.elan- d h Can 
Breskovkas oe cite m T y sa f{—g Aug., Sept.) k h Rus. 
Brownlees....... m—1 oO y ru bsa]| vg Oct; Jan. ak wb Eng. 
Brown Sweet..... 1 obec g yb s g—veg | Sept., Jan. | dk | h INGLY 
Buckingham..... 1 fe) yers msa| f—g | Nov., Apr. | k m Am 
Bullock. .eief ae m re ygru msa| vg—b | Oct., Jan. d ht N. J 
Bunkers Halls cee ae m rc yrs sa vg Oct. d h Nice 
Butteremee!..kiees m r y s g—veg | Sept., Oct. | k h Pat 
(Cabasheaes, cic eee 1—vl ro yers bsa]| g Sept., Oct. | kd | h Nuaye 
Campfield:.c sa.) tal ro ys s g Dec., May | ck | h Nee 
Canada Baldwin..| m Oi yers msa| g—vg | Nov., Jan. | d h-lmnt Cant 
Canada Reinette..| m—l Hor yb sa vg Dec., Apr. | dk | m Unk. 
Cannon Pearmain.| m—l r ov gyrs sa g jan. ADE lek m Am 
Carlouglies. sees m—l rc gyb msa| g Nov; Apr. |-d kk" bina GNeeye 
Car pentin east s—vs | re rT bsa| vg Dec., Apr. | d h Unk. 
Gatheéadstimy.o. ae vl r g sa g Oct.4ENove silk h Eu. 
Gay wood. aise m fe) yb msa| g Jan., Apr. | d h INSSYe 
Céelestiatzns sere m—l re gy bl msa| g Octs Janz d h © 
Cham plaitien. aces m—l rc gy bsa| g—veg | Aug., Oct. | kd | h Unk. 
Chandlemsenrnsae 1 ro gyrs sa g—ve | Oct., Dec. d h Am. 
Charlamone see 1—m rob Nts sa g Aug. k h Rus. 
Cheeseboro....... 1—vl He gru m sa| f Oct, Decwaik h Unk. 
Chenanco sa l—m TODIC Alicyers msa| g—veg | Aug., Sept.) d lm N. Y.? 
Clapper Eilat e m oc Vy tis sa g Sept., Oct.) k h Ni Y. 
Clarkey eee a. m—l TAG gybl | bsa| g—vg | Oct., Jan. | d h Na ee 
Clayton nee acters —m | roc yrs msa| g Janz, May "| Ind #iem Ind. 
lyden sowie eee l POMC we Vets sa g—vg | Oct., Dec. | dk | m Nave 
Cofteltut sea coe m ro Viris m sa! g Jans tay antec m Ark. | 
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REMARKS, 


Tree characters good. Fruit inferior in size and quality. 
Not valuable. 

A local variety of no importance. 

An English variety. Poor cropper in New York. 

Blue Pearmain type. Valuable in Northeastern New York. 

Newtown Spitzenburg type but surpassed by that variety. 

Fit for exhibition purposes only. 

Tree characters good. Fruit inferior in quality. Of ques- 
tionable value. 

Of no value in this State. 

Tree healthy, hardy, bears young and productive. Fruit 
attractive but inferior in quality. 

Now obsolete in New York. Distinct from next. 

Has proved very hardy in the Northwest. 

Ben Davis type, and probably of some value. 

An old variety, valuable only for home use. 

An old variety now practically obsolete. 

Fruit is desirable but tree characters are unsatisfactory. 

An old hardy variety now rarely planted in New York. 

Of no value in this State. 

Hardy. May have some value in northern portions of 
apple belt. 

Newly introduced and promising in some districts. 

Not adapted to this latitude. 

Resembles Oldenburg and surpassed by it. 

Not recommended for planting in New York. 

Tree qualities good. Quality inferior. Perhaps worthy 
of testing. 

Grown only about Albion, N. Y.; not valuable. 

Tree healthy, hardy and productive. Fruit of high quality 
but does not ship well. 

A Fameuse seedling not as good as McIntosh. 

Not recommended for New York. 

Excellent in size and quality but not productive enough 
for a market sort. 

An Oswego County variety as yet untested elsewhere. 

A southern apple not recommended for New York. 

Of highest quality but deficient in size; tree characters 
poor. A good home sort. 

Not Known outside of Central New York. 

Probably not known in New York. 

Trees unproductive, fruit unattractive. 

An old cider apple now practically obsolete. 

Fameuse type. Later than Fameuse, otherwise not 
desirable. 

Excelled by other varieties both for home use and for 
market 


+; Valued in the South. Not adapted to New York conditions. 


Of doubtful value in New York. 
, Unique but not valuable. 
Obsolete in New York. 

Now practically obsolete. 


‘Not recommended for New York. 


Tree characters good. Suitable for home rather than 
“» market. 
Probably not known in New York. 


‘Oldenburg type but inferior to that variety. 


An old inferior variety fast becoming obsolete. 

Attractive, good quality, easily bruised; excellent for the 
home. 

Obsolete. 

Known locally only. 

A western sort not known in New York. 

But little grown in this State. 

Ben Davis class. Not valuable here. 
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LOG" Cogswellizey ee « m rc Vitis msa| f—g Dec., Mar. | d h Conn. 
LOZapeCollamer.nso eee: A red strain of Twenty Ounce. 
TOSMimCollinss.» eer ates 1—m ro yrs sa f—g Jan., June |>k © | 4m Ark. 
109 WEColtOn corte. eee ieee m r gy bl m sa| f—g July, Sept. | k h Mass. 
LTO Calvert. seen eter 1 oc gyrs sa g Chane k ‘m Am. 
CLS Constantines l—vl re gyrs bsa| f—g Sept., Nov.| k m Rus. 
L12 Ve Coopertsn ates ee 1 ro gyrs sa g Oct., Dec. | k h Unk. 
113 | Cooper Market...| m Tr Ov yers bsa| f—g Jan. lune. ek m Pa: 
114i Gornellieceaearee 1—m roc se) msa| vg Sept., Nov.| d h Bar 
11D GOL: Moots ata m4 o yrs m sa| vg Nov., Dec. | d h Ni ke 
116 3\2Cox Orange... m ro vars m sa} vg—b | Sept., Jan. | d h Eng. 
117 | Cranberry Pippin.| 1 ro yrs msa| g Oct., Feb. | k m Neys 
1 SalieGream ives wees ere m ro y msa| s Sept., Oct. | dk | h NS Ye 
LO MeCTOCES trate eens m—l] rob grs msa| f—g Jans May aad h Kan. 
U20 GIN Crow tues eee m ro yg s g—veg | Oct., Nov. | d h Ind.? 
1D Tae Crow aS etre ease ieee 1 rc ygb bsal|g Nov., Feb. | k hm Unk. 
22 eCzaret horn | ses ue m ae gyrs s f Sept. k h Rus. 
123 | Danvers Sweet....| m—l rye gyb s g—ve | Nov.,Apr.| dk | h Mass. 
124 | Deacon Jones... 1—vl re 1¥t m sa| f—g Nov., Mar. | k m Pas 
125 cl Deaderick >. a. 5. | it gy bl sa g Oct.; Jans k h Tenn. 
126 WDetroits Rede j roc rs msa| g—vg | Sept., Dec. | d h Am 
V2 (A Se Dickinson seme m—1 obec yers sa f{—g Nov., Apr. | k m Pa: 
1289 eDisharoon-ssres. « m re yg sa g Nov., Dec. | k h Ga. 
1299) 2DOctoremer an ae m—l fo) yrs msa| g—vg | Dec., Apr. | dk | m Pa. 
130 | Doctor Walker...| m re gyrs m sa| g Jan.,May | dk | h Ky. 
131 sie Domines so eee m oO aygee m sa] g—vg | Nov., Mar.{| dk | h Am 
132 "|2Double; Roses... s ToD clay. msa| f—g Nov., Feb. | k h Rus 
135 eee DOS sere m fe) yrs m sa] g Feb., June | k h Naw 
14a cDucleyntd soe nhs m—1 rc yrs bsa| vg Sept., Oct. | k m Me. 
135 | Duke of Devons’re| m—s oc y bry sa s—vg | Dec. ’Apr. 2] ad hee Eng. 
136 ya Diumelow. 2... m—! ro Vs bisa |Z Nov., Mar. | k m Eng. 
137 Dinan sees atch s—m r yrs msa| g—vg | Jan., May | d h Eng.? 
138 | Dutch Mignonne..| m ro yrs hsa| g jJan., Apr. 2).d kaa Eu. 
139 | Duzenbury....... m Tobe | gyr's sa vg Feb., May | dk | h INeeYe 
140 VOL Potters eee m—l ro gy bl msa| vg—b | Sept., Oct. | d h Unk. 
141 | Early Harvest....| m ro y sa g—ve | July, Aug. | d h Am.? 
1425) Barhy. Joes. s—m oc gyrs msa| ve—b | Aug., Sept.| d h N. Y. 
143 | Early Pennock...| 1 £ yrs sa f—g Aug. k h Unk. 
144 | Early Ripe....... m ro ye sa f{—g Aug. k h Unk. 
145 | Early Strawberry.| m rc yrs sa vg Aug. d h NE Ae 
1464), Edwards. « =.) m oO yers bsa! g Feb., May | k h N. C.? 
VAT ip ESP hODs wees oe m obec vrs sa f—g Nov., Dec. | d h Unk. 
TAS tals, FASet's srt te m rec vrs m sa| g Jan., June | k m Ger. 
149 | Elgin Pippin..... 1—m roc y sa g Sept., Dec. | k h Ala 
15052 Elisworthes aes tee m ce yb bsa! vg—b/| Jan., Mar. | d h N. 
1514. Eaglish Pippin: 4.19 = ot oc gy sa {—g Sept., Nov, | k h | Rus 
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REMARKS. 








Tree hardy and vigorous but unproductive. Fruit not equal 
to standard sorts of its class. 


A southern apple. Productive. May prove valuable where 
Ben Davis thrives. 

Of little value in New York. 

Trees hardy, healthy, productive. Inferior to Twenty 
Ounce with which it ripens. 

Tree and fruit characters good. Worthy of testing for 
market. 

Not recommended for New York. 

Tree hardy, productive. Fruit lacking in size and quality 
Splendid keeper. 

But little known in New York. 

Known locally only in Orange County. 

Desirable for the home orchard. 

Tree and fruit characters variable. Worth testing in tte 
North. 

No longer cultivated. 

A Rambo seedling worthless in New York. 

Now practically obsolete. 

Fall Pippin type but not equal to that variety. 

Of no value. 

Tree vigorous and productive. Fruit of good size anl 
quality but unattractive color. 

An attractive market fruit of inferior quality. Heavy 
bearer. ; 

Tree hag dn ye good but fruit inferior. Not tested suffici- 
ently. 

Of Fameuse type. Surpassed by McIntosh. 

Poor grower, very productive. Second rate quality. 

A southern apple not recommended for New York. 

Tree characters desirable. Fruit attractive, of good size 
and quality. 

Not recommend for planting in New York. 

Wood very brittle. Productive. Fruitsmall. Not grown 
as much as formerly. 

Small and poor in quality. 

A Columbia County seedling of Blue Pearmain type. Of 
doubtful value. 

Recommended for trial where a hardy apple is wanted. 

Productive, small size, drops badly, high quality. Surpassed 
by others of its class. 

A ue English culinary apple, of dobutful value in New 

ork. 

Too small for a commercial apple. 

Tree vigorous, very productive. Fruit too small except for 
home use and evaporators. 

Little known outside of Putnam County where it originated. 

One of the finest dessert apples but not a good commercial 
variety. 

Tree characters poor. Valuable only as an early dessert 


apple. 
Of value for the home orchard only. High quality. 
Discarded in New York. 
Surpassed by others of its season. 
Its high quality makes it a desirable home sort. 
Not well adapted for growing as far north as this State. 
Nearly obsolete. 
A European variety worthy of further testing. Attractive, 
excellent keeper. 
Does not equal other varieties of its season. 
Not grown outside of Columbia County. 
Inferior to standard varieties. 
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152 | English Russet...| m re gyru m sal g Jan., May “| dew jena Unk. 
153 | Esopus Spitzenburg| m—1 rc Vals sa vg—b | Nov., Feb. | dk | hm NYS 
154 | Evening Party ...| m ro gyrs msa| vg—b | Dec., Jan. | qd h Pay 
J 5 Bie bywaltcaecetee ner es 1 rc yrs bsa| g Nov., Apr. | k m as 
LS Gia er alae ee m oc gyrs msa| g Nove, Apres h Unk. 
Life Hallawatenener se 1—vl r gyb m sa| g Nov., Mar. | k m Ras 
158 | Fall Greening..... m ro gy sa g—vg | Dec., Feb. | d h NAY 
159 Ball Harveyn case: 1 r y sa ve Oct., Dec. | d h Mass 
160 | Fall Jenneting....| 1—m One gy sa g Sept., Dec.| dk | h Conn 
TG lateett Oran cee ererers 1—m rc gy sa vg Sept., Nov.| dk | h Unk. 
162eehallePsippin. «see 1—v1 ro gy sa vg Sept., Jan. id kos Am 
LGdai me halla Wine wens m iat-o yrs msa| vg Sept., Jan. | d h Unk. 
LGA hameuseseee case m i Vr Tes sa vg Oct., Dec. d m Unk. 
NGS aiettamil yi ae tee te s—m | rov yrs Disaue e Oct] Jan. dk ih Ga. 
L6G On Maniniyaer etre m cr yrs msa| g—vg | Sept., Nov.! d h Par 
LO fae harris rete. ee m ro Weris sa g Dec., Mar. | d h Ky. 
168 | Ferdinand.......} m—l rc ygb sa g—vg | Dec., May | d h S.C. 
169 Me Fishel ose 1—vl r yr m sa| f—g Nov., Feb. | k m Nive 
U/Osie Mlorence..i: .cicree m rov ywrs |sa g—vg | Dec., May | dk | m Ark. 
171 ‘Flory Pate eran kine m rc y sa g Oct., Feb. | k m O. 
172 | Flushing Spitzen- 
burg m—| rc tare S msa| g Oct., Feb. | k m Am 
LSM Order eee eres 1 rc ly bsa| g Oct., Jan. k h Nive 
L744 POrests. ee nea m TOD Cals re m sa} vg Dec., Mar. | d h Nave 
Loe rakervere, cee m re yrs m sa] g Dec., Apr. | d h Kan. 
17Segletranchot aceon er m re yrs sa g Oct:, Jan: k h NERY 
177 | French Pippin....} 1—vl r yb sa v—vg | Jan., May | k m Unk. 
178 | Fullerton Sweet..| m re y s vg Oct., Nov. | d h NEY. 
LOWS Gano. asa ace m re wars msa| g Dec., Apr. | k m Unk. 
180 | Garden Royal....| m ro gyrs msa| vg Aug., Sept.} d h Mass. 
181 | Gardner Sweet 
Peariiaine cece m fe) Vas s g Sept. d h NsYe 
182 | Genesee Flower...| 1 ro yg msa| g Sept., Nov.| k h Nive 
183.1 p GION seas. alae 1—m Pe y sa f—g Oct. k m Minn. 
184 | Gideon Sweet....} m—l rc Viernes s g—vg | Nov., Apr.| dk | hm Minn. 
LS Mila l Ditl essere eae m rov gyb msa| g Feb., June | ck h Walon 
186 vig. Ginnie. ee m—1 oc Wars sa g—vg | Sept., Nov.| d h Unk. 
tS Jie Givens hi eee m ore yers msa| g Jan., May Sirk m Ark. 
188 | Gladstone........} m—l roc gyr msa| f Sept., Oct. | k h Eng. 
USO a eGlenlockati ns 1 ro ats msa| g Dec., Feb. | k m Tenn. 
L90N) Gloria Mundie. I—vl rc gy msa| f—g Oct, Mantes ok h Am. 
191 | Golden Medal....| m—1 ro ygzb s f{—g Dec., May | k m Pa.? 
192 | (I) Golden Pippin.} 1—vl ro gy msa| g—vg | Sept., Dec.| dk | m Unk. 
193 | (II) Golden Pippin| 1 ro gybl sa g Sept., Oct. | k h Mass. 
194 | Golden Red...... m—s ro yrs msa| g Dee yan. mice h New Ye 
195 | Golden Reinette..| s ro Cay Saul bisaie & Oct., Jan: d h Eu. 
196 | Golden Reinette 
CRiss*) 2a m oc gy msa| g Sept., Dec. | k h Russ. 
197 | Golden Russet..../ m re gyru sa vg Dec., Apr. | cdk| hm Eng.? 
198 | Golden Sweet..../ m—1 ro yg s g—vg | Aug. Sept. | d Unk. 
199 | Golden White....| m oc gyr s f—g Sept., Oct. | k h Russ. 
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REMARKS. 





Desirable in Eastern New York. Grown for export trade. 

Lacks vigor. Uncertain productiveness. Standard in 
quality. Adapted to some localities. 

Fruit small but of high quality: Suitable for home only. 

Tree uncertain bearer. Fruit characteristics desirable. 

Not recommended even for trial. 

Vigorous and productive. Fruit inferior in quality. Valu- 
able for market in some localities. 

Two of this name. Neither worthy of consideration. 

Resembles Fall Pippin; is less desirable. Very hardy. 

Good grower, good cropper, of fair quality but easily bruised 
and poor color. 

Tree thrifty, hardy, long lived, good cropper. Fruit too 
tender and wrong color for market. 

Old standard variety; scabs badly. An excellent green 
apple for certain localities. 

Although of excellent quality, not valuable commercially. 

Hardy, fair grower, good cropper. Fruit scabs badly, very 
tender and rather small. 

Not desirable in New York. 

Rather vigorous, reliable cropper. Fruit bright red, good 
quality. Rather small. 

Too unattractive in color and size to be desirable. 

May be worth planting in home orchards of southeastern 
New York. 

Worthy of trial in certain localities. 

May prove valuable in those parts of the State where Ben 
Davis does well. 

wg fe epee productive. Not recommended for New 

ork. 


Tree a shy bearer. Fruit drops badly. Handsome but 
second rate quality. 

No longer propagated. 

A chance seedling of doubtful value. 

Surpassed by standard varieties. 

Undesirable. 

Not being planted in New York. 

Without value. 

May prove valuable where Ben Davis thrives. 

Good dessert sort but too small for market. 


No longer propagated. 

Confined to western New York. Of local value only. 

Of value only as a stock upon which to topwork hardy 
sorts. 

One of Gideon’s new promising varieties. 

An old very late keeping variety too small to be valuable 
commercially. 

Unknown in New York. Unworthy. 

It may be worthy of testing for commercial purposes where 
Ben Davis succeeds. : 

Not recommended for planting in New York. 

Tennessee variety not promising in New York. 

Cultivated for exhibition purposes only. 

May be worth trial where a late keeping sweet apple is 
desired. 

One of the most desirable fall sorts for market. 

No longer grown in New York. 

A Long Island variety now apparently obsolete. 

ieee esteemed in England but little known in New 

ork, 


May be of value in the North. 

Tree hardy, vigorous, productive. Fruit small, hard to pick, 
very late, of excellent quality. 

One of the best for home use. 

Not desirable. 
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200 | Golding ......... m TO y sa Rs VE. Oct. dk |h Am. 
201 | Grandmother ....| m—l rove | gybl sa f—g Nov., Jan. | k h Rus. 
202 | Granite Beauty...) 1 rob yrs msa} g—vg | Nov., Feb. | d h N. H. 
203 | Gravenstein...... 1 fo) yrs sa vg—b | Sept., Nov.| dk | m Eu. 
204 | Great Barbe...... 1 yr f—g Dec., Jan. | k m Rus. 
205 | Great Mogul..... 1 rov gyrs sa f—g Oct., Dec. | k h Rus. 
206 | Green and Yellow 
Newtown...... m—vl | ro gy sa b Feb., May | dk | hm Mss kx 
207 | Green Seek-No- 
Further: .i2 sex 1 rec y bl sa vg Oct., Jan. | d h Nowe 
208 | Green Sweet..... m rov ys s g Dec., May | k lm Am 
209 | Greenville........ i—m Tr yb msa| g Nov., Feb. | k m O. 
O10 NP Greynouse wae <n m fo) gr sa f—g Feb., May | k m Am. 
D1 “\WiGrimesin cates ae m—l rob y sa vg—b } Nov., Feb. | dk | hm W.Va 
O19. Groshia avon 1—vl | ro— | gyrs | bsa/ g—vg.| Sept., Jan. | k m Unk. 
DIS MI MGrarid yaar stl oa 1 rob APRS sa vg Sept.,, Oct dim h Tae 
Od Bids aS ee hare aes joks ie aie m oO yrs sare Oct., Dec. | K h Mo. 
D15*) Hastoesticnines a m—l | re gyrs | bsa| g Aug., Sept.| k h | Am.? 
DIG AO Harerove sss. ee s—m PC y msa| g Nov., Mar. | k h Ne-C: 
217 | Harvest Redstreak| m oO yrs bsa|g Aug., Sept.| k h Unk. 
O18 4 Hasikell:. cx ese cee 1—m re (6) gy s vg Sept., Dec. | d h Mass. 
D289) | Ha wiley ico 20sec d 1—vl £ gy m sa} vg Sept., Nov.| d h N. Y. 
220 | Hawthornden....| m—l | Tr wybl | sa g Sept. k h Scot 
2212 i, HayavOOden.: eee m fo) yas m sa| f Dec.,.Jan. | k m N.C 
292 Nn Fl aan bei ek See at r yg s t= Dec., Apr | k m Vt. 
223 | Henniker........ m—l | ro yre sa g—veg | Nov., Mar. | kd | h Eng. 
224 | Herefordshire....| m TO gyr sa f—g Oct., Jan: k m Eng. 
99514 Hibernals, sss 4 1 fo) gyrs | bsa| g Nov., Dec. | k m Rus. 
O06 Tt HICKS, c; sebins sais m . yrs s vg Aug. d h Ney 
O97 A SHidestetase ais se ee m ro yrs m sa| f—g Dec., Feb. | k h Pa. 
228 | Highland Beauty.| s fe) yb m sa] vg Jan., Mar. | d h Nove 
229 | Hightop Sweet...) m—s | To y s veg “li july, Aug ied h Unk. 
230.) cHilaire yee eee m oO yrs sa g—ve | Nov., Jan. | d h Can. 
331 4 Hiltons. us one 1 Tr ye sa g Sept., Oct. | k h N. Y 
232 4\"Hoadley.aoecm a ote. 1 ro gyrs bsa| g Sept., Nov.| k h Wis.? 
233 | Hog Island Sweet.) m—] Tac gyrs s gvg Sept., Nov.| d h N. 
234 | Holland Pippin...| 1—vl r gy D sac Sept., Oct. | k h Am 
235 | Holland Winter...| m—Il | re gwb sa g Dec., May | k m Eng.? 
236 | Holmes Sweet....| m re yb s vg Nov., Feb. | d h N. Y. 
aT A TLOGIE seth cine m rope +e Y, m sa] vg Oct., Nov. | d h 1s ee ee 
238 | Howard Best..... 1 oc yers | sa i—2 Sept., Oct. | k m Ia.? 
239 | Hubbardston.....| 1 re yrs msa] vg—b | Oct., Jan. .| dk | m Mass. 
240 | Hunter Pippin....| m rc wy bsa| g Aug. k h NEY: 
241 | Hunt Russet..... m fo) yrru sa vg—b | Jan., Apr. | d h Mass. 
242 | Huntsman....... 1 ro yeb sa g—vg | Dec., Apr. | dk | hm oO. 
943 ot uribu ts s45 eee m roc gyrs msa| g—veg | Oct., Dec. jd h Conn. 
244 | Hyde King....... I—vl jr ygb m sa} g Dec., May | k m Unk. 
945 | “Tagram. sem io m ro gyrs | msa| g—vg| Feb., June | dk | hm | Ma. 
DAG sl shaimien eis es pitts had Ue rec Apes ies s g—vg | Oct., Dec. | d h Wis. 
OAT Pack fetes ere m—l1 o gy m sa| vg Oct., Nov. 1a h Naver 
948. |’ Jackson oc As v= hs m r gyrs | msa g Oct., Feb. | d h Pa. 
249 | Jacobs Sweet..... 1 re ygeb s g Oct., Mar. | d lm Mass. 
S50 1atvil: a5 soles 1 r yrs sa g Sept., Nov.| k h N¥; 
251 Bie LeferiSannsts me erie: s—m ro gyrs | msal vg Sept., Jan. 4d h Pas 
252 | Jefferson County..! m roc yr sa | g—vg_! Oct., Nov. 1d h N. Y. 
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REMARKS. 


Seldom or never planted in New York. 

Of little or no value in New York. 

A New England variety but little known in New York. 

Bears early, productive, vigorous. Fruit attractive and 
excellent. Becoming vopular. 

As tested here not worthy of introduction into New York, 

Not recommended for New York. 


Standard in quality. Succeeds in certain localities only. 
Weak grower. : 
Now seldom found in cultivation in New York. 


An old variety grown only for local markets. 

Suitable for general market but does not excel in quality. 

An old variety, not now generally cultivated. Not reliable 
bearers. 

Beautiful and of high quality but not adapted to latitude of 
New York. 

Worthy of further testing. 

Of very doubtful value. 

Supplanted by better kinds. 


| Not worth planting in New York. 


Does not appear to be worthy of trial in New York. 

Not attractive in any particular. 

Desirable for the home orchard. 

A handsome apple of delicious quality but poor tree charac- 
ters. 

Little known. Not worthy of introduction. 

Not desirable for planting in New York. 

Not recommended for New York. 

Not recommended for planting in New York. 

Does not appear to be worthy of trial in New York. 

Withstands the most vigorous climate, productive, fine for 
cooking, 

Not recommended. 

Not recommended for planting in New York. 

Lady type. Suitable for localities where that variety is 
known. 

Should be dropped from cultivation. 

Worthy of trial in Fameuse regions. 

Passing out of cultivation. 

Worthy of testing where the Oldenburg thrives. 

Little known and unworthy. 

An old sort in Hudson Valley. Resembles Fall Pippin but 
poorer quality. 

Greening type. May be worthy of trial. Keeps well. 

A Niagara County seedling now practically obsolete. 

Known only locally. 

Resembles Alexander. Not yet well tested in New York. 

Tree an early bearer, productive, not hardy. Fruit hand- 
some and of highest quality. 

Of no commercial value. 

Superseded by more valuable russet kinds. 

Quality excellent but of doubtful value in New York. 

Not being planted to any considerable extent. 

Promising as a commercial sort as grown at this Station. 

A. seedling of and similar to Ralls. 

Not desirable. 

Neither trée nor fruit characters are desirable. 

Not recommended for planting in New York. 

Recommended for home orchards, not for commercial 
planting. 

Not recommended. 

Excellent for the home orchard. 

Not worth planting. 
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253 | Jersey Sweet..... m re yrs s | g—vg | Sept., Dec. | d h Unk. 
254 | Jewett Red....... m ro Wades m sa) g—vg | Oct., Feb. d belm >| IN; Ee 
ZOD et Onat nance oe: m re -yrs sa ve—b | Nov., Jan. | dk | hm NES 
256 | Jonathan Buler...| l—m oO yers msa| f—g Nov., Apr. | k m Ti 
27a tdSOme . hice ees vl—1 rc yrs bsa_ f—g Oct., Nov. | k m Las 
OSM ALLL Vaerenkenets aasen mete m TiC Lae Wey. ti Saalse: f{—g July, Sept. | k h Rus 
DDO Mie aip rity: eres eeeeeaete 1 obec vats aa ee Nov., Jan. | k h N.J 
260s eK alad on).ccccearee l—m oc gyrs msa f—g Sept., Jan. | k h Rus 
261 | Kansas Greening..| m rc gb msa| f— Jan: Apr Wek m Kan 
262 | Kansas Keeper...) m—l t WOrtesS sav): t— Dec., June | k m Kan.? 
263 Vo Karabovka seis s—m oO Se-yviris m sa| f—g Aug., Sept.! k h Rus. 
264 | Kentish Fillbasket| vl ro y bl bsa| g Oct., Dec. | k h Eng. 
2659 Keswicke.-a. «act m—I1 re | gy bisa | g Aug., Sept.) k h Eng. 
ZOGmiat Kamraird era arene m hase yr sa g—veg | Dec., Mar. | dk | h Tenn. 
20 7a Karkbridce wc ae s—m obec yw sa g—ve | Aug.,Sept.! d h Am. 
2689) Pkirkland fee es l—m re yb sa g Jan.oMay sek m Nays 
269 | Kittageskee...... s—m roc yb msa| vg Dec., May | d h INE Ce? 
2 Omi ack Cree eee m—l | ro yeors msa| g—vg | Dec., May | d h Pa. 
EL oi Say seeetetees ase tics s—vs |0o yb sa g—veg | Dec., May | d Hh lm) jebr 
2t2. | ady, Fingers oan " 
2%o.\ Lady. Pinger: oe - m re Ver sa g—ve | Aug. d h Unk. 
274 | Lady Sweet...... 1—m re iets s vg—b | Nov., Apr. | dk | m INGeYe 
215 | wandoneesne eee m—I1 Loce levers msa| g—vg | Dec., May | d h Vt. 
276 uly Landsberg ere nene m—1 re gy msa| g—vg | Oct., Jan. d h Ger 
Aiea anak Orde. eer m #5 oO gyrs msa| f—g Dec., May | k h Md 
278 \. Vansinebure...... m ro yers msa| f—g Dec., May | k m O. 
279 | Late Strawberry..| m robe! yrs sa vg Sept., Dec. | d h Nie 
2S50isialcatiam alerts aire m OG yr msa| g Nov., Dec. | k h ING aXGe 
2519) Lav Victoiren ss I—m oc gyrs msa| g Nov., Dec. | d h Can: 
ZS271, AeAWVELS cp cle older m ro ie bsa}| f—g | Jan., May 17k m Kan.? 
Zoo mesoderm ees m oc gyrs sa f Aug., Sept. | k h Rus. 
284 | Lee Sweet....... m—l POD Cwlavens s g Jan., Apr k m Nayar 
285 | Lehigh Greening..| m—l roc ye msa| g Jan. Mayiusle m Pan 
286 | Lilly of Kent..... 1 r yg sa g jJan., May d m Del. 
287 | Limbertwig (small 
OLsred) feats aera roc yrs sa g Jane Apr mel m Unk 
288 | Limbertwig (large 
Or Sreen) se nee Larger, greener and less attractive in color than the above, coarser. 
289 | Lincoln Pippin. . m i O1Ce Pal too sa vg Oct., Dec. d h Conn. 
290 | Lindenwald...... | m ro v bl sa g—veg | Sept. d h NSvYe 
291 Lonreheldh son. ear | m—s re y bl sa g—veg | Sept., Oct. | d h Rus. 
292 | L.Isl’d Pearmain.| 1 ob yrs sa g OctamMan: d h Unk. 
293 | (I) L. Isl’d Russet] s obec yru msa| g Oct., Feb. cd h NY 
294 | (II) L.1. Russet.. | m—s fLobie+|"y ru bDisaviove Nov., Jan. | cd h Unk. 
295 | Long Red Pearm’n' m—1l oc vans sa g Nov., Dec. | k h Unk. 
2964)" Lone Steminn. ack | SeveraJ varieties under this name, all worthless. 
297 | Long Stem of Pa..| m i yers | bsa| g—vg | Nov., Feb. | d h Pa. 
20SalMLoneworbtie eee m LOre wyrs | msa| vg Nov., Feb. | d h Ta; 
299 | Lord Suffield..... 1 r y sa g July, Sept. | k h Eng. 
SOO Wouter ne utes | m—1 r yitas sa f—g Aug. k h Minn. 
SUL slp LOWwises se eet m rT gy bl sa vg Oct..Hebsaled h Can: 
SO 2a cOwell eee te een 1 rob y sa g—ve Aug. Oct dik wisi Am. 
303 | Lowland Raspb’ry m—l rc wrs m sa| vg Aug. d h Rus. 
304 | Lubsk Queen..... m—l ft wr sa g Aug., Sept.| k h Rus. 
BUD VSCO tases anne 1—vl r yers sa g Oct. Deceai-k h Mass. 
SOGHat Mv ablelnine. cao ctor 1—m rob yrs s g Nov., Dec. | k h N. Y. 
a0 7a) McAteer «creer m—1 To yur s msa| g—vg | Oct., Feb. | k m Ky. 
SOSme VM eCatrt yw yiece eae A strain of Pumpkin Sweet. Smaller and keeps longer. 
309 | MacDonough..... m ro y msa| f—g Aug., Sept. h Ne Y.. 
SLOMPeMe ntosh tances m—1 r yrs m sa}. vg—b | Oct., Dec. | d m Can. 
oll aeNic kane: see m—1 ro yrs sa g Dec., Jan. |7d h Ind. 





New York AGRICULTURAL EXPERIMENT STATION. 385 





No. 





253 
254 
255 
256 


257 
258 
259 
260 
261 
262 
263 
264 
265 
266 


267 
268 


269 
270 
271 
272 
273 
274 


275 


310 
311 


| eh cae | Long Island. 


best ete iebaat | 


*| | *| 


palciepaeela | 
Piet creme tena 


Bae 
silat 
|| 


oe Re 





Sea 


bay Oe 


eee aaa 
eee ba 
Bae 
Bay 


ed 








| Hudson Valley. 
| 
| 


; | 
| | 
| | 


| 
| 


* | 


el 1 *l 


Pe 


bel TELL 


St. Lawrence and 


BpRane se 


A aa | 


«lil 


a ea ia 


rahe ete 


* 
* 





Champlain V’l’ys. 





Bae ests 
talkare 


| Mohawk Valley. 








5 


Bes 


telat) 


ae ia ies al 


rickt® 
Litt + 


ll tl* 


etal | 


x | 





| x | * | Eastern Plateau. 


| 


| 


| 


+ | 


«| ] || 
«| 11 


| | 


7K 


41d 
* +1111 








| % | Central Lakes. 


Pi aa Ee 


¥ | 














e 
a 
= é 
o 
Hw 
eis 
ey Wen 
S| 2 
q H 
ones 
* * 
* * 
* * 
* * 
a 
* per 
winner 
* * 
*KK | KK 











Petes. |Site bet 


«I 11] 


est Pee riaei rk, 


mae! 


gn 


| | | * | Western Plateau. 








REMARKS, 


a  — —— ———————_—— 


| One of the best sweet apples for home use. 


One of the best in quality of the Blue Pear~ain type. 

Excellent quality but rather small for a commercial variety. 

Tree good. Fruit attractive in size and color but lacking 
in quality. 

Not worthy of trial. 

Inferior to Tetofsky, which it resembles. 

Obsolete. 

Very inferior. 

Not worthy of planting in New York. 

A late keeper. Succeeds better in southern latitudes. 

Unworthy. 

Many worthier sorts of its season. 

Suitable for home use only. 

Winesap type. Does not appear to be adapted to New 
York: 

Not recommended. 

Tree characters good. Fruit of good color and Keeps well. 
Worthy of attention. 

A worthy late keeping dessert apple for home use. 

Gradually passing out of cultivation. 

A beautiful fancy apple suitable for special trade. 

Several varieties under this name. Not valuable. 

Of no value. 

One of the most desirable of the sweet apples for commer-. 
cial planting. 

Shy bearer. Good color and size. 

Excelled by standard sorts. 

Easily excelled by standard varieties. 

Very late keeper but poor in quality. 

One of the best dessert apples of its season. 

Obsolete. 

A seedling of Fameuse inferior to McIntosh. 

Better adapted to southern latitudes. 

Unworthy of further testing. 

Grown about Geneva where it is held in high esteem. 

Surpassed by other sorts of its class. 

Not sufficiently tested in New York. 


A southern variety not adapted to New York. 


More juicy and much inferior in flavor and quality. 
Grown only about Syracuse. 

Known only in Columbia County, 

Recommended for home use and local markets. 
Obsolete. 

Now nearly obsolete. 

Represented now only by old trees. 

Obsolete. 


Not recommended for New York. 

Unworthy. 

So susceptible to blight as to be worthless. 

Excelled by its parent, Oldenburg. 

A beautiful and excellent apple for home use. Fameuse 


type. 
Desirable for home use and local market. 
A beautiful dessert fruit. Not tested in New York, 
Not recommended. 
Supplanted by better sorts. 
Surpassed by Victoria Sweet which it resembles. 
A seedling of Lawver, not adapted to New York. 


Not likely to become popular. 
One of the most promising sorts of it season. Fameuse 


. type. 
Practically unknown in New York. Not recommended. 
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312 Mc Kinneyateetes m—1 oO | y bl msa| g Jan., Apt, 4 hoe Nie 
SI Shim Nc Wella yee 1—m OG |) fe sigar S m sa| vg Octs, Febs | daapeiie Conn. 
814 | McMahon,........ 1—v1 fic | gyw | bsa| f—g Oct. Jan, k m Wis. 
315.4) Mapentak 2.546 <a: 1—m oc | ygbl | sa g—veg | Nov., Mar. | k lm Unk. 
SLOM aN Acoli ete m—l TOD Me Vas sa g Oct:; Jan: k | h Vt. 
317 | Maiden Rlush....| m fo) y bl | sa g Sept., Nov.| k | m Neat 
318 | Maiden Favorite..| m r wy isa g—veg | Oct., Jan. d 1h INE aye 
319 | Mala Carle....... | aaa! Oc y bl lesa g Dec., Feb. | d h Italy 
S2O Mm MLalind aerator aera 1—m te y bl m sa| f Janz; Apres jek m Vt. 
321 7 oManchesters.-. m—1 TADOVCUNE Saveris bsa| g—vg | Dec., Apr. | d m Unk. 
Boe, | Mann..........-. m—l ro | gy sa f{—g Jan. Aprow k m Nes vss 
Seon Marearctec. sc. 5i s—m | rec yrs sa g July, Aug. | d h Eng. 
S24 ele Maricold ss so cee | m—l r yzbl m sa} ¢g Nov., Apr. | d h Unk. 
325 | Mason Orange....| m—l obec y bl isa g Nov., Feb. | dk | h Kan. 
S26 melasten..c cere ee | m TAC gy | sa g Dec., Feb. | k h Nieye 
B27 WweMelone .oe ee th a TAG ly ga se isa vg Oct. lane sd lm INeee 
S28 i Menagére..... 6. | J—vl oc | y bl | sa f Oct. fant thes h Eu. 
BOO RE Merril apasee wet err eaTLL r | y bl | sa g Dec., Mar. | k h Nee 
SOOM MIddle oem en m robe | gy | bsa| ve Dec., Mar. | d h News 
| | 
Oo Lye Nita thiaal aoe. s—m £C | yers m sa} g Nov., Jan. 4d h Unk. 
Bom WVislcenassiacee ae. I—m_ | oc Peg a | sa g Nov., Jan. dike N.H 
| | 
Booed, UM DRET 2 ta eke os 1 Cite Meee | sa | g—vg | Oct., Nov. | d h Nix. 
Pate NS TMI TU Mean OR Vey byex ga. | 1 ier | yers | sa g—ve | Oct., Jan. d h Rar 
335) Milwaukee....... I1—m | o yrs | bsa| f—g Oct alan: k m Wis. 
DoOel) Wlinistert sc. eer | I—m rob« | ygrs | bsa| g—vg |! Nov., Feb.| dk | h Mass 
Saal Minkler es .o6 ee oe | m roc | yers m sa| f—g Nove Anns ae m Unk. 
300 | Missing Link, .... td £ gyr | msa| f Jani; Apr. yes m Unk. 
339 | Missouri Pippin... m 2g te feet ase bsa| f—g Oct] Janaaiek m Mo. 
340 | Monmouth....... 1—m roc y bl | bsa| g—vg | Nov., Jan. | dk | h N. J 
SAT MEM oon eee m ro yeti | emisal -& Nov., Apr. | k eat Ga. 
342 | Moore Sweet..... | m—l rom IP wes | s g Nov., Apr. | k | m Mass. 
SHS wiMINOSHEr. 062 eee | m Ove gy s g Sept,, Octal a bed INES YE 
244-1’ Mother? vous te osx m r | yrs | msa| vg—b | Sept., Jan.} d |h Mass. 
345 | Mountain Sweet..| m Hea: Lars s g ‘| Sept., Dec. | d h a. 
B40 1)" Mowsess cay isa | 1 EC gybl | msa/ g Oct., Nov: | Kig Nook 
GAT ate DOOVER cn aises gies | ] obec y bl | msa| g—vg | Dec., Apr. | d | lm Ind.? 
| 
348m) Munsornety.ee.ceee /m ro | gy | s g—veg | Sept., Dec.| d | h | Mass.? 
o20 ) Nelson yc. ds see m robov| gybl | s g Feb., May | dk | h TUS 
SHO NEO Nes on eee oe jose! r¢ gyrs | msa| g—vg | Jan., Apr. | k m News 
351 | Newark Pippin...| m—l | rob | gy | sa vg—b | Nov., Feb. ' dk | h Ni sla? 
352 NNewman. os... 5. 20u—1. jo Dec ygbl m sa| f—g Dec., May | k lm ? 
353 | Newtown Spitzen- | | 
Duress m lor niga & | msal vg—p | Nov., Feb. | d h Newey 
354 | New Water......| l—m | oc gyrs m sa! g Oct., Feb. %d h Parr 
SDD Pe NiIckay ack Waele l—m.. | ric Govets msa g Dec., May | k | m Nae 
356 | Northern Spy....| 1—vl rc vrs rsa” | ve—b | Dec, eb.) 10 ee Nee¥. 
| | | 
357 | Northern Sweet...| m ro y as | vg Sept., Oct. | d h | Vt. 
358 | Northwestern | | | 
Greening....... | m—l Tc yg | msa}/ g Dec:, Mar.9| dik sia Wis 
BOO He Oakilar cle ayant, isa ee. TO Cal est S. Syal os g Nov.,; Feb. "dd aan Mich 
S60 Me Occidentm-ner peeetin in roc y bl | sa vg Jan. May ]i"d kaa Cal 
361% Oel Austiness o3.08 | m rc yrs | msa| f—g Nov., Mar.| dk | m Naas 
B62 eOrdensbure ses | m Hoc y | msal vg Nov., Dec. | d h NOY 
363 | Ohio Nonpareil...) m—l ro vis sa g—ve | Oct., Nov. | d h OE 
3040) Ohio Pippin. m’ ore y msa| g Sept., Jan. | d h O. 
Soon) Okabenaa.: aoe aatel fe) yrs sa vg Dec. d h Minn. 
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312 |—|}— | — | —| —!—)|—|]—!]—| An Ulster County seedling not known elsewhere. 
Susi) Ae vlists ' * | * | * | * | Choicely good. Adapted to fancy market. 
314 —|—)| — |—|—| — |} —!—!|— |} Less desirable than standard kinds of its season. 
315 | —|—)| — |—|—|— —|—)|—| Appears to be identical with Canada Reinette. 
Sf ee fee | |) | ot valuable enough to retain. 
317 | * | * | — |—| * | * | * | * | * | Worthy of planting for home or market, where it succeeds. 
Seo es | | | —— | —— § No longer propagated. 
| | — | — | — | — |) Does not succeed as far north as New York. 
320 |—;|}—| + |—|—|—|—/-—!—] Worthy of testing in New York only when hardiness is a 
prime requisite. 
21081 |) Ao en —|—|—|—|—| Of Esopus Spitsenburg type but inferior to that variety. 
322 | * | * | — |—| * | * | * |—| * | A hardy, productive tree. Long keeper of fair quality. 
| Slow in bearing and overbears. 
PBI A —| |— Without value. 
324 | aS Fg Does not excel standard varieties of its season. < 
325 | | Almost identical with Yellow Bellflower. 4 
326 | —|—| — |—|—|—|—!|—)|—| A Dutchess County apple unknown elsewhere. 
salve | — | =) * }) * | * | * | * | Choicely good for the home orchard. 
328 |—|—| — |—/|—!]—!—]—!—|! Suitable only for exhibition purposes. 
329 | —|—  — +5 — |} — | —|}—|— —! Unknown outside of Chenango County. 
330 | —|—| — ;—|—!/—|—|]—!—! Newtown group. Less valuable than other varieties ofits 
| season. 
331 |—|—) — | — |} —!—|—!}— | — |! Valuable in the South only. 
332 =) id (cal ei + | Worthy of testing particularly in elevated and northern 
| ty es portions of New York. 
Soo Unknown outside of Orange County. 
334 — | — | — | — —|—/!—}| Attractive but excelled by standard sorts. 
So eet | ;}—|— |—|—|—!—) Appears to be worthy of testing in northern part of the State. 
336 | —|— | — — |—|— —! It has failed to win favorable recognition in New York. 
| | Poor keeper. 
337 | — —| —}|—|—|—|—| Not a promising variety for New York. 
338 —| — | — | — | — — A long keeper but does not rank high in quality. Southern. 
339 — |— — |— Doubtful whether this variety will develop marketable size 
| in New York. 
340 |} —|—|—!—j|—|—| Good cropper, uncertain keeper, variable in size. 
341 | — | — | — | — Unsatisfactory in ‘this region. 
342 |—|—  — | —|—|— | —|— | — |! A good keeper, good cropper, moderately attractive. Sel- 
dom planted. 
343 | —|—} — |—|]—!|—!—|—!—] Without special value. 
344 | * | * * | * | * | * | Tree characters poor. Appearance and quality of the best. 
peo a oe a | | OF little value. 
346 |— | — | —|— |—/|—|—]|—| Nearly obsolete. 
347 |—|—| — _—!—|—|}—|—!—| Similar to Yellow Bellflower. Surpassed by other sorts of 
| | its season. 
eee ee | | | —— | Has given place to better sorts. 
349 | —|—| — |—!|— |—/|—!—]—| A late keeping sweet apple. Unattractive. 
350 |} —|— —  —|—)—!—)|—) —}! Not well tested here. Probably not vaiuable. 
3515) — | — | — | —|—!—|—|—|— | An old variety, now nearly obsolete in this-State. 
352 ; | Of Yellow Bellflower group. Not recommended for general 
planting. 
353 | —/—| — |—!|—|—!|—]|—|—] Not a good commercial sort. Excellent in quality. 
354 | —|— | — | —/—|—|—|—|—| Not superior to standard sorts of its season. 
355 |—|— | — | —|—| —|—!|—|—| Not adapted to northern regions. 
356 |—| * | — | ** | *e | ** | ee] * | * | Tardy bearer. Vigorous. Highest quality. Succeeds only 
| in certain localities. 
357 |—|—)| * |—|— —/|—|—)/—|} Hardiness alone commends it. 
358 |—|}—| + |—/|— (ia ok Weg Bows Seales to Rhode Island Greening; hardier, not so good in 
quality. 
359 -| Popular in Michigan. Unknown in New York. 
360 |—  —  — —/|— —|—|!—)!—|} Similar to Yellow Bellflower. 
361 |— —) + |_—!|—'\ —|—]|]—!—|! Blue Pearmain group. Adapted to cold climates. 
3862 | — —)| -—— |—|—|—/|—]|—/—| Not now grown in New York. 
363 | —|—| — | —|—|—|—|—|—| Tree characters poor; of doubtful value. 
364 Possibly worthy of attention in New York. 
365 | —|—! — |—!—|—!—|—!—| Nothing to recommend it for New York. 
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366 | Oldenbursseo esc m—1 ro Sy tis) dose g—ve | Aug., Sept.| k m Rus. 
SOU WOOLMVe han ahi omte Ss ic yrs msa| f—g Nov., Feb. | k h NiG 
3680 Olivenscap een ee 1—m 1g (0. gytrs sa g Dec., Mar. | k m Ark. 
DOO Ol yim Pies. wo, cae ates See description of Baldwin. 
S7 Om OntamOracetc ies es 1 | roc ey sb bsa| g—vg | Nov., Mar.| dk | m Can. 
o7l') Opalescent...'. 45+ I—vl | re ydr msa| g—vg | Nov., Feb. | d O.? 
342.) Oranges. een ves Several varieties under this name, all worthless in New York, 
373 | Orange Pippin....| At least two varieties of this name. Neither of value in New York, 
374 | Orange Sweet....| Several varieties under this name. Worthless i in New York. 
S/o eOrnainenbe: area m Tac enyaeS | msa| g Oct, Pebaiva h Eu. 
OO TSE VS Ss bene mre « I—m ope | wy bl | $4 vg | Oct., Feb; idk 4 ima Neca 
BUT Ww OStTALiGH 5 acces pied m rf y _bsa | iz Nov., Dec. | k h Rus. 
a Yifee tel Pelers Whaler) Sia lan ety ae | m—l sf | gy | bsa| g Dec., Feb. | k h N. Z. 
OT OP ALOUSe He aie tiveunate 1 obec vats | sa | vg Oct.; Dee. | d m Wash. 
| | 
SOU WMP aragons we. eke m rc ygers | msa| g—vg| Jan., May | dk | m Tenn. 
ea OAT KS DICE ec. sor m—l1 rate! esate | msa| vg Dec. Mar. jd h NioYe 
Oa ROUT tla cates § vette a TO. Were msa| g Oct: -hebscied h Me. 
383 | Parry White..... m r yw Saar Aug., Sept.| d h Part 
Odes PAREOT Go ict arta tae l cc ats Las | g—ve | Nov., Feb. | d m Mass. 
Soo ww AtbETice mote Gatun m—l fe) | gy ISA en Octr jan k m Sas 
SSO ee avr paw acta | 1 robe | yrs | sa g—vg | Dec., June | d m Mich. 
PisiHGr Melee nipokers., sede ees m ric eaves msa| g—vg | Jan., June | d lm Mo. 
SSorl SP eACN Aawine Shed m OVC | y bl bsa| g—vg | Dec., May | d h Unk. 
389 | Peach (Montreal).| 1 robe | yw bl sa g Sept. a keen Unk. 
390 | Peach Pond...... m—s oc Vers aS | vg Sept., Nov.| d h NeSYe 
SOL Gatsa lame ace 1 % vrs Ss g Nov., Jan. | k h NEY 
BUDE CASS a Mets ee.ecee We er #) af yers sa g—veg | Oct., Jan. d lm Conn. 
393 | Peasgood Nonsuch} 1 ro wis Fock) g Sept., Oct. | k h Eng. 
394 | Peck Pleasant....| m—l | roc y bl sa ve—b | Nov., Feb. | dk | h RUE 
o95 WPennock:...0b see 1 ie wie) msa| f—g Dec., Apr. | k m Past 
396 | Perry Redstreak..| m O poe msa| g—vg | Oct. d h Nay, 
307 °| Pérry Russet. .... ral Oye yru Sa.0e Dec., Feb.) dks ti h Roe 
SO SM eh eLEC ata ho be nie etc ; m ro yis msa| g—vg | Sept., Oct.| dk | m Minn. 
B99 Wi (Pewaukee. s¢ seco [Pega Maric) yers sa | f—g Nov. Aptoi aks m Wis. 
400 | Pickard Reserve..| 1 oO gv bl sa vg Nov., Feb. | d h Ind. 
AO Cie P ier pene 1 ee Fo dee | m | o (ftv s mesa) f Jan: July Jj 0k h ae 
402 | Pine'Stump......| m Weg yr Saou nied Nov., Feb. | k m NACs 
203 eeblumib Cidert ss). m re Wares bsa.| g Octaeiais k m O.? 
404 | Pomme Grise..... s POs yru sa ve—b | Dec., Feb. | d h Canst 
405% Pomona. <0 5's /a sath peows  Oue gyrs sa g—vg Sept., Octal h Eng. 
206 Ml Porte tact idan | s—l obec y bl sa g—veg | Sept., Nov.| dk | h Mass 
407 | Pound Sweet..... This name has been appled to several varieties of large sweet apples. 
408 oc) Pratt sweet....%. . To yrs s ve Dec., Mar. h IN Xe 
AQGMT Priestly aesscre nie 1—m Tr Pvt msa| g Dec., Apr. | cd ki h Pa. 
ATO Se rimatenwee «anor m—l ree yg sa vg—b | Aug., Sept.| d h No RVe 
ADL nePrince Albertus A rc ie aaa bsa| g Nov., Feb. | k m Eu. 
412 | Prolific Sweeting..| m ro wy s g Sept., Oct. | -d h Rus. 
ABP POV OT ahem eiiaans m—l ro Pvatrs sa ve—b | Dec., Mar. | dk | m Vase 
414 | Pumpkin Russet..| 1 fe) Sv ties g Sept., Oct. | k h N.Eng 
415 | Pumpkin Sweet...| 1—vl re gy s g Oct., Jan. k m Conn. 
416 (1) Quince (of Cole).; 1—vl oc y bsa| g—vg | July, Sept.| k lm Me. 
ALT (41). tOuinces (oft 
Coxe) ae aes 1 oO y sa ge—vg | Nov. k lm Nop Me 
41S US Rallceees wan amie m TO1c Vets sa vg Dec., May | dk | lm Va.? 
ALO sRamboOcnate ite bie m To gyrs msa| g—vg | Nov., Dec. | d h Unk. 
420 | Ramsdell Sweet...| 1—m obec Vrs vs g—veg | Oct., Feb. | dk | h Conn.? 
AD ls sRaASspDEerlyaeeiae Ss ob ip sa vg July, Aug. | d h Rus. 
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REMARKS. 


Hardy, vigorous, productive, cosmopolitan. Largely 
planted. 

Unworthy of consideration by New York fruit growers. 

As yet not sufficiently tested in New York. 

A western type of Baldwin. Worthy of testing. 

Similar to Northern Spy; hardier. Inferior in color and 
quality. Worthy of trial in Northern New York. 

Not well tested in New York. Worthy of further test. 


Surpassed by other dessert apples of its season. 

Yellow Bellflower group. Of good quality, but skin tender 
and susceptible to scab. 

Of no value. 

Not well tested in New York. 

Supposed to be a seedling of Tompkins King. Worth 
testing. 

A southern variety not well tested in New York. 


| Probably obsolete. 


Not tested sufficiently to determine its value. 

Resembles Early Harvest. Later. Worthy of trial. 

Not tested sufficiently to determine its value. 

Seedling of Oldenburg. Worth trying in the North. 

Not recommended for planting in this State. 

Probably not well suited to this State. 

cack eee ged for general planting. May be valuable 
ocally. 


Cannot displace Oldenburg which is the same in season. 


Long known but has failed to establish itself. 

A Queens County seedling; apparently obsolete. 

Worthy of attention for home use and local market. 

Scarcely tested; of doubtful value. 

Shy bearer, subject to diseases. Fruit beautiful and excel- 
lent in quality. 

Not regarded with favor as a commercial variety. Subject 
to ‘‘Baldwin spot.”’ 

Has net acquired a valuable reputation. 

Excelled by other russets of its season. 

Resembles Wealthy and does not surpass it. 

Desirable only when hardiness is a prime requisite. 

Not sufficiently tested in New York to determine its value. 

Not recommended for planting in New York. 

Not adapted to New York conditions. Southern. 

Should give place to better sorts. 

A small russet of high quality. Not profitable commercially. 

An English sort, of little value in America. 

Has many merits for home use and local market. 


An old variety now practically obsolete. 
Surpassed by standard varieties of its season. 


| Tree characters poor. Valuable for dessert and local market. 


Requires furher testing. 

Worthy of trial in Northern New York. 

Not well adapted to this region. Southern. 
Should give place to others of better qualities. 
Valued for home and market purposes. 
Supplanted by better sorts. 


Obsolete. 

Seldom reaches marketable size in New York. Blossoms 
very late. A 

Tender tree; productive to a fault; excellent quality. 

Without commercial value in New York. 

Worthless except as a substitute for Red June where that 
sort winter kills. 


390 REportT OF THE HorTICULTURAL DEPARTMENT OF THE 



























































VARIETY, : ; 
: mal d » 4 
g iu © = re) iy, a5 
9 : 
) S 5 < 3 = . a E rH 
a | QQ fy S fx OQ nn Pp = (e) 
422 | Red and Green 
fe Sweet i—vl obc yrs S f—g Aug., Sept’| k lm Unk. 
423 | Red Astrachan...| m—1 r Sore bsa| g—vg | Aug., Sept.| dk | m Eu. 
424 | Red Canada...... m re Weis msa| g—b Nov., Mar.| dk | m Unk. 
AZ 5 oi) AREGULLOOIRE ain Ral a vd re yrs sa g Aug.,Sept.| k m ING Ye 
426°) Red June........| s—m I yr bsa|! g—vg | Aug., Oct. | dk | m Ne Ge 
427 | Red Russet...... A bud sport of Baldwin differing only in having a russet skin. 
428 | Redstreak....... Ss ob yrs sa g Dec, Apr | Glee Eng. 
429 | Red Transparent.) m r yr sa g—ve | Aug. dk aah Rus. 
ASOT eau Wane wets m | ro wr sa g Aug., Sept. | k h Ba 
A3U Gl REGCae eM tees m r Vaal Sasa: g Nov. k h INGOYs 
432 | Reinette Pippin ..| m—1 | o wy sa g Oct., Feb ak em Pt 
AOD Me pKa, sheen en | m—s roc yw m sai ¢ Aug., Sept.| k beiiat | Rus. 
434 | Repka Malenka.... m—s re Vets msa g Jan., Apr, |-K h Rus 
435 Rhode Island | | | | 
Greening........+| 1 ro yg | sa vg Oct Mart |edvkaieny Reale 
436 | Ribston.........| m—1 | r yrs | sa | ve Oct., Dec. | dk | m Eng. 
437 | Richard Graft...) m | ro yrs sa vg Sept. el h 1 ee & 
AS Sau Ridge seer ae I—m | robc| y | msa| g Feb., May | k / 1m Pan 
439 | Rock Pippin.....| m ro pipyeaml ov) ja gsyey.) 1) Mere Feb., June | k m Unk. 
44.0 3) Rolfe.w incite owe oe m—l r y | bsa| g Oct.,, Deo, ek: = was Me. 
44) (Romanite: 00 .ae s re Nate sa |g Mar, July |e dieien Unk. 
442 | Roman Stem..... s ar wy sas Shove Oct., Dec. | d h N. J. 
B43 A nIOLIG pe nie oe 1 [ae gyrs msa g | Nov., Apr. ko) te O. 
444 | Romna.......... m—l |oc gybl | bsa| f—g .| Sept.,Jan.| k |h Rus. 
S45 igh Rone sera ele m | r r sa g Oct:, Feb. (ad h Ind. 
£46). .oseats hie Fe m—l (o gr | sa g Dec., Feb. k h Unk. 
447 | Rose Red........ m re) wrs sa veg Sept., Nov. d h Ni ayer 
448 Roubtrysors. ssi I—m | o yru sa | g—vg! Dec.,May dk|}m Mass. 
449 | Russian Baldwin..| m ro yrs | msa] g Jan.,May | k ih Rus. 
450 | Rutledge..,..... m r yrs | mi sal fg Jan., May | k m Tex. 
451 | Safstaholms...... m—l | ob ¥ rs? domes! & | Octi Deerid ss aia S’den. 
452 | Sailee Russet..... m oc gru sa g Dec. d h Ney 
453 | Sailly Autumn....| m | re gy sa g | Sept, k h INE Yee 
454 | St. Lawrence..... l—m jo ors msa) g—vg_ Sept., Oct. d h Am, 
BOD ee Over, ne sear tite s ry ey rs “vm'sal ft Aug. k h Rus. 
456 | Salisbury. ....... m—l |r y | sa | g—vg| ? dk |h NPSYs 
@o7. 9 Satome.cs ssalscds m | roc yrs | sa | g—vg | Nov., Mar.| dk | m Ill. 
458 | Sandy Glass...... I—m_ | ro gy bl bsa| fg | Sept., Nov.| k h Rus. 
459 | Savewell......... m | ro wy Picea). 2 | Feb., Mar. | k | h Ni YY; 
460 4¢ Saxton) <0. 6.8 2% m ene: vars sa gve | Sept ies | h Mass.? 
461 Scarlet Cranberry.) m lens yrs jm saj i—@ | Feb.) Mays) Koga Va. 
462 | Scarlet Pippin....) m er yrs msa| vg » Oct. Deer Packs time Can. 
463 | Schodack........ m ro yer bsa| f—g Feb., June k h NY? 
464 | Schoonmaker..... 1 | gate” gy bl | bsa| ve Jan., Mar. | dk | h Unk. 
465 | Schuyler Sweet...| 1 r y 3 g—veg | Sept., Oct. | d h Nite 
466 | Scollop Gillilower. m—1_ | re yrs | msal g | Nov., Feb.| k | h Unk. 
OTT SCORE. Mae oe m | roc gyrs |-bsal zg | Dec., Mar. | k | m Vt. 
468 || Scott Best i. %. 5. m—l | ro yrs sa g—vg Nov., Dec. d h N. Y. 
469 711, Scribners fea m | re Vy Tene isa ve Dec., Feb. | d | h N.Y: 
470 | Seneca Favorite..| 1 Op CH ey. isa Wis Nov., Jan | d Dey aN 25 Ye 
471 | Shackleford...... | m—1 | rov x yrs. | m’sal fe.) Nov.gApr. (oe m Mo. 
$72 XT) Shannon. tee. fh lo wybl | sa | g—vg | Nov.,Apr.| dk | m Ark. 
473 | (11) Shannon +... lI—m |? y Tels Nov., Apr. | dk | m O. 
S744) Sharp ten oes m ro y bl | msa| vg | Sept., Oct. | d h Md.? 
B15 i Sneddany Asana lI—_m |r gy bl msa| g—vg | Jan., May | d m Tenn. 
£76 3. Sherif ees ee m—s | ro yrs msa g trDec., Feb.) te h Pa. 
477 | Sherman m Oo gy so} eve) Now, Jao. |) aa Na Ye 
478 | Shiawassee....... m—l | oc yrs sa) | g@-—ver, -Oct., Jan Ve h Mich. 
2790 4 Shitley i. ficek sin m—sU ks yrs hose fag Dec., May | k m Texas. 
480 | Sine-qua-non..... m | re gy | msa/ g Aug. | d h N. ¥s 
ZOU Sian’ Agee 1 L2G yrs misa| g—vg | Oct,, Feb, | d h Unk. 
452.1 Stoighte= ¢ ce A fac-simile of Lady except it is larger and ripens earlier. Not known 
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ae : 
. Pal as 3 | 
Sherr erstai ¢ 3 
gia} oF) 3 /ei215) ./ 3 
a AE | ol a ae ey 
a | > Sait Ba PQlin] e&] om 
meee es | alolo |S lez REMARES. 
rosa) es} Sie | wl 8 
oo 22) 8} 8 vo H a » 
: eee 6 oO) % = » ov n 
o Q = as | ms ® ovo i) 52 v 
Z\ixl|t alisinlio|/o/a|/ée 
a eee | —|— | Better sorts are taking its place. 
Oe Ah eel | * |) *)] * |] * | * | * | * | Succeeds under many conditions. Home and local markets. 
cy Nenad egal ad * | * | ** | ee | * | * | Worthy of more extensive planting. 
428 x | Grown only in the vicinity of Red Hook, N. Y. 
See =) | — | — || — |---| Better adapted.to the South’ and West. Small, scabby, 
| imperfect in New York. 


427 | Considered less valuable than Baldwin. 






































Soe eee a | | ——— | —— | An old cider variety now obsolete.in’ New York. 

AO ee eee | | | —— | —— | Without value where Primate can be grown. 

430 | | | Untested in New York. Probably worthless. 

ee ee ae ee | "| > | —— | Not worth testing. 

oe ee ee ea | -—— || —— | —— |) Excelled by Rhode Island Greening. 

Ao ae | |) —— | —— | —— |’ — 1) Much inferior to Primate with which it competes. 

aod ed eo al |) —-) —"| Fruit too small to be valuable. 

430 ep | | * | FR) EE | ee) HE AE) The standard green apple of New York. Second in com- 
| mercial importance. 

SSO eee i | |) Belongs with Hubbardston which greatly excels) it: 

437 But little known outside of the Hudson Valley. 

Ae een een ee | | | | — excelled by others of its season. 

439 z= | | | | One of the latest keepers of its class. 

eee eee ea | —— | Tree very hardy. Otherwise without merit. 

441 |—|—}| — |—/|—!|—|—)|—|—|! Not grown nor recommended for this State. 

SAM eee | eee | 2 | | | | | uperseded. by. better sorts: 

443 | =| * | — |—| * | * | * | * | * | Promising but not sufficiently tested. 

444 |—|— | — —|)|/— — | — |—|—| Not worthy of attention. 

445 | Not well tested but probably worthless. 

446 | | Identity not certain. 

A hoa eee Discarded, 

448 cod | *e | ek | kK | KE | A leading commercial variety. Standard of its class. 

449 a | May be valuable in Northern New York. 

450 |—|—| + |—/|—!|]—!|—|]—!— |! Of doubtful value. Very hardy. 

451 |}—|—| — | — | — |} —|—|]—|—| Of very doubtful value. 

See eee | =) | ) Inferior to: Roxbury, 

ASM tee direst sll Discarded. 

454 |—|}—) * |—|— — —]!—),—}| It cannot be recommended except in Northern regions. 

eee ier tlre pen! ow | men [mens | me Not valuable. 

456 |—|—| — |—|—)/ —!—|—!—| Known only in the vicinity of Cortland. Value doubtful. 

Aine oo —— |) | = xcelled by. standard sorts: 

Ce eel eee | 1) Worthless. 

459 |—|—|] — |— | —!|—!|—|—!—|! Not known outside of Westchester County. 

460 | | | Not grown in New York. 

[ole i | —— | — || — | —-} Southern. Dees not mature here, 

462 |} —|—| + /+/)+!)+!+|)—{!—) Worth testing where Fameuse succeeds. 

Mays) |osea\, —j|—}|—|—]| Valuable only as a remarkably late keeper. 

1649 | — | — | — | — | — | — | Nearly obsolete. 

465 | —}|—! — |—|—}|]—|]—!—|—}| Probably lost to cultivation. 

BOO ee eee | me | ae) | |) —— || “Obsolete, 

467 | — | —| ** | —| — —!— —)|—)| Valuable in elevated and Northern regions. 

468 |}—|—| — |—|— —)\|—)—!—) Has no recognized value. 

469 |} — | —| — |—|—!|—|—|—|—| Probably obsolete. 

470 “a ‘ol Possibly of value for the home orchard. 

471 |— — |—|— — | —)| — | — | Ben Davis group, but less desirable. 

472 — |—| — | —|— '— | Resembles Ohio Pippin. Lacking in productiveness. 

473 Not tested in this State. 

474 |—|—|} — |— _ — — — —)}—| Resembles Maiden Blush but it is not equal to that variety. 

475 | Possibly worthy of further testing. 

476 | | | Very hardy. Of no consequence otherwise. 

477 |—|—| — |—|— — | — —!—}! Not grown outside the place of its origin. 

478 |—|—| — |— | —|—)| —!|—/|—| Excelled by McIntosh which it resembles. 

479 |—|—| — |— _ — —) —,. —)|—)| Ben Davis group but inferior to that sort. 

480 |—{—| — |—|—!|—|—!—|—| Supplanted by better sorts. 

481 +t Because of its high quality should not be allowed to pass 

out of cultivation. 
482 | outside of Dutchess County. 
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VARIETY. , j 
’ i . d +s ; 
: q H Nd Be ie) . ad & 
ee 5 | o ;a ° (sj n © Hw te!) 
ae A S) OS iy 3 a a ce mE 
, <p) ea oO em QO n P re o) 
483 | ‘Slingerland......- m—1 ie yr sa g—ve | Dec., Feb. | d h NE WYe 
484 | Smith Cider...... m—1 TO gyrs sa g Nov., Mar. | ck h Pa: 
485 ; Smokehouse...... m—l ro gyrs msa| g Oct.; Mar: 7 "d kane Pe 
486 | Somerset (N. Y.) .| m—s iC wy sa vg—pb | Sept., Oct. | d h Noeyer 
487 | Sops of Wine..... m—1 i gyr msa| g Aug Oct. sek h Eng. 
488 | Sour Bough...... m ge Vv ipsa lee Sept. k h Nias 
480 ql Spectators. we sae m 9 fe) 9) yr sa f—g Sept. k h INE ee 
490 | Spring Pippin....} m 6 gy sa vg Dec., May | k h NYS 
AO LE \ StanarG:ane . sta 1 oc gyrs bsa| g—vg | Oct., Mar. | k h Neexi 
AOD EO bat ke eit ve eaten mers 1—m re yrs msa| f—g jJan., June | k m O.? 
493° | Starkeyjcss.)s os | md oO yrs sa vg Oct) Jan d m Me. 
AOE <TR bath mec ie revete ote « vl—1 fe) ye sa vg Aug., Sept.| d h New 
495 | Stayman Winesap.| m—l re yrs sa g—veg | Dec., May | d m Kan 
4964) Sterling so. c ae ] I yr msa| vg Dec., Apr. | d h Mass. 
497 | Stillman Early ...| s re y sa g July, Aug. | k h IN Gaye 
BOS si Stome worn ureters seis 1 Ir Vers msa| g—vg | Nov., Feb. | dk | m Witee 
409) GC SStOWe'w te hs) Hehe cue m—l 9 gybl sa g Dec., Mar. | k h Me. 
500 | Streaked Pippin. .| 1 rob overs sa g—veg | Nov., Mar.| dk | 1m NYS 
501 | Striped Gilliflower.| 1—vl robes ywrs | bsay f—e Sept. k h Unk. 
POZE OStrOats ie ke reko ens m—1 5 yg bsa| g—vg | Sept., Nov.| d h NS Yer 
503 | Strode Birming- } 
evehaciy SRReE pees m rc y sa g—ve | Sept., Nov.| d m Pas 
504 | Stuart Golden m ro ybl msa| vg Dec., May | d h O; 
SOO tea LULA TD ee teleosts m—s | rc Way tisha esa vg Sept., Oct. | d lm Ne Ys 
DOG |) totyMuUsee. oe = oie m fe) yrs msa| vg Oct Now. We h NYS 
507 Suffolk Beauty. m ro yw sa g Aug., Sept.| k h Unk. 
508 | Summer Bellflower) m—] DOD Clley: sa g Aug., Sept.) k h INtGYe 
509 | Summer Pearmain| m obec gyr msa| b Aug., Sept.| d h Am. 
510 | Summer Queen...| m—l ic Apes ts sa g—ve | Aug., Sept.| k h Unk. 
511 | Summer Rambo. .| 1—vl fe) ors msa| g Sept., Nov.| k m Br 
512 | Summer Redstreak| m roc yrs b sacle Sept. k h NYS 
513°) Summer Rose. ..2) s—m | 45 yrs msa| g—vg | July, Aug. | dk | h Nee 
514 | Summer Spitzen- | 
ISAS ays ey ete ie m rc wrs sa | g—vel| Aug., Sept.| d h INSEE 
515 | Summer Sweet ...| m oO y S g—ve | Sept. k h Conn, 
HLOG SoUtuOn ererunesd ave m I yrs msa| g—vg | Nov., Mar.| dk | m Mass. 
PLA Mex Wel SUE e Ay onmteid te ial ke te 1—m LO | gy msa| ve—b | Nov., Apr. | d h NisYs 
HUSA AS WACIGL.. noel esis ec s fore yru | msa| vg—b | Dec., Mar. | d h Can, 
519 | Sweet and Sour...|/ m—] fe) yg sa f{—g & i 7 Unk. 
520 | Sweet Bough..... Ja) ate gy s g—vg | Aug., Sept.| dk |} 1m Am. 
521 | Sweet Fall sere ] fo) gy Ss g Oct, Nov. | dilceien "Nis Yan 
522 | Sweet  epeLanele m—1 ee ye | s g—ve | Dec., Apr. | k m | Mass.? 
523 | Sweet King. earn fac yrs s e-——vel| Oct., Maraied h Ie NS ee 
524 | Sweet Russet...../ m | _o yru Paz | g—ve | Nov., Mar. | d h Unk. 
525 | Sweet Russet.....|/ s r yru s ve Sept. d h Unk. 
526 | Sweet Winesap...| m—l ft.¢ Weal Sas g—veg | Nov., Apr. | dk | m Pa. 
Bed)? SW ERULET pod cis! (oe m—l) | roe yrs | msa| f Nov., Mar. | k h Pa.? 
H25 \MOWIeZe seer ee m Pscire' Wey LW | GmMisalee Aug., Oct. | d h Rus. 
529 | Sylvester. ..2/...] m—s | ro w bl | bsal vg Sept., Oct. | k h SINE Dae 
Hoon LareBough iy... Two varieties under this name both of which Le worthiness 
DOL Mi PeRetOrs vance. eelnis m—s ro PTS sa f—g July, Aug. Ok | m Rus. 
Do2za)-lLewksbury.: <.58 s—m we y bl bsal| g jJan., May | k h Nee 
amet ORAS isl. wesieieiseets m Poe yr m sal g Jan. Slayi4|ak m Unk. 
Spates POS Bi ake ch ees Mier ae oh Almost identical pre Yellow Transparent which excels it in tree characters. 
Hoo wie LHOtm PSON bus ese | m re wyrs |sa | f—g | Oct., Dec. k h la. 
536 | Tinmouth........| m—l | ro gy msa g | Oct., Dec. | k h Vt. 
Boy. Witsoe: 5 Gb Peas val rob gyrs |sa | g—vg/| Aug., Sept.) k h Rus. 
Pe feye ped a Gheed Edt oyosbale eee l—m obec gy sa g—vege | Nov., Mar.| dk | h Nips 
Doo SL ODIaASce es sae ee m fe) y sa f—g Nov., Apr. | k h Wee 
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Has not gained recognition. 

Unsatisfactory and unprofitable in New York. 

Its cultivation is not being extended in New York. 
Without merit. 

Superseded by better varieties. 


| Unprofitable for any purpose. 


Without value. 

Unproductive and unprofitable. 

Has not won favor in New York. 

Considered valuable in some sections of New York. 
Appears to be worthy of testing for the North. 
Worthy of testing where a fruit of this type is desired. 
Not adapted to New York conditions. 

Apparently obsolete. 

Discarded. 

Blue Pearmain group. Valuable in Northern New York. 
A Maine seedling unknown in New York. 

Has many good qualities for local market. 

Obsolete. 


| Passed from cultivation. 


Surpassed by standard sorts. 

Not recommended for commercial planting in this State. 
Desirable for home use and for local market. 

Now practically unknown in New York. 

Lost to cultivation. 

Dropped by the American Pomological Society. 

Of value only as an amateur’s fruit. 

It has failed to establish itself. 

An old sort, but possibly worthy of further testing. 
Little known in New York. 

Becoming obsolete. 


Esteemed by some for home use. 
Discarded. 
Regarded as one of the most promising of the newer varie- 


ties. 

One of the best forthe amateur. Requires deep, rich, sandy 
loam. Shy bearer in places. 

Similar to but inferior to Pomme Grise. Ranks high for 
dessert. Unproductive and too small for commercial 
use. 

Worthless except as a curiosity. 

A eg tee favorite for the home orchard and local mar- 
cet. 

Gradually going out of cultivation. 

Esteemed for home use. Seldom planted. 

Not cultivated outside of Nassau County. 

Several known by this name. Not grownin New York at 
the present time. 

Possesses little value. Several under this name. 

Attractive, excellent quality; reliable cropper; overbears; 
good keeper. 

Does not excel standard sorts for any purpose. 

Resembles the Fameuse, but inferior. 

Without value. 


Surpassed by other sorts of its season. 

Valued chiefly as a long keeper. Not recommended for 
New York fruit-growers. 

Not recommended for planting in New York. 


Not worth planting in this State. 

Does not appear desirable. 

Perhaps worthy of testing in the North. 

Yellow Bellflower group. Good tree characters. Fruit 
attractive and well flavored. 

Not worthy the attention of fruit-growers except for hardi- 
ness. 
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REMARKS, 


Hardy but not equal to standard varieties. 

Hardy but not worthy of general planting. 

Hardy, vigorous, early bearer, reliable cropper. Varies in 
keeping qualities. 

Were the tree hardier. healthier, longer lived and more pro- 
ductive, it would be more commonly grown. 

Tested and found unworthy. 

Resembles the Baldwin; is less desirable. 

One of the best of the fall varieties for home or market. 
(See Collamer). 


Often pon eed with Twenty Ounce. Attractive but of poor 
quality. 

Probably worthless. 

Without value in New York. 

Passing out of cultivation. 

No longer listed by nurserymen. 

Not desirable in any respect. Southern. 

Worthy of trial where an apple of this type is desired. 

An old variety, never popular in New York. 

Scarcely worth testing. 

vhs in the South as a late keeper. Not grown in New 

ork. 

Tree qualities good. Attractive, high quality, late keeper. 
Promising. 

Early bearer; heavy cropper; short lived. Attractive and 
high quality. 
f comparatively little value in New York. 

Unproductive and scarcely desirable. 

Southern. Not adapted to New York. 

Not well tested in New York. Unpromising. 

Not recommended for commercial orchards. 


Has failed to establish itself in the commercial orchards of 
New York. 

Dropped by the American Pomological Society. 

Inferior to standard varieties of its season. 

Tree and fruit characters good. Its cultivation increasing. 
Runs small on old trees. 

Not tested in New York. Unpromising. 


Tree qualities good. Uncertain in adaptability. A favorite 
dessert apple. 

Discarded by American Pomological Society. 

Has nothing to recommend it. 

Not recommended for planting in this State. 

Tree qualities good. Surpassed by standard sorts. 


Supplanted by better sorts. The parent of many valuable 
varieties. : 

Has some points of merit for commercial planting. 

Seldom planted. 

Southern. Surpassed by others of its season. 

Value unknown. Probably obsolete. _ 

Very hardy. Promising for rigorous climates. 

Not recommended for New York. 

Both tree qualities and fruit poor in New York. 

Promising for home and local market in New York. 


Not known in New York. 
But little known in New York. 


Dropped from cultivation. 

Its value for this State is not known. 

Of Alexander type. Worth testing. 

Tested and found undesirable. 

Poor cropper. Valuable in some districts. Bruises easily. 
Scabs considerably. 

Much inferior to standard sorts. 
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REMARKS. 


Of no value in New York except as a very late keeper. 


One of the best extra early sorts for home and market. 

Practically worthless. 

There is also the following York. 

Unknown in New York and probably worthless. 

Reports adverse to its culture in New York except in south- 
ern portions. 

for New York growers. 


Passed from cultivation. 

Has not gained recognition. 

An old variety now little grown. 

Probably of little value. 

Very hardy but of no commercial value. 

Lacks vigor. Excelled by other crabs. 

One of the most desirable of its season. Dessert. 

Desirable for commercial plantings because of both fruit 
and tree characters. Dessert. 

Recommended for home use and possibly for market. Culi- 


nary. 
Widely and deservedly cultivated for home and market. 
Culinary. 


Better varieties are now preferred. 


Superseded by larger varieties. 

A good late Keeping crab for home use. Culinary. 

One of the best for culinary purposes. 

Lacks productiveness at this Station. 

Not grown in New York. 

Fails in New York. 

Not recommended for New York. 

Does nat find favor in America. 

Tested and found unworthy at this Station. 

Without special value. 

Worthless. 

A favorite for culinary use. 

Suitable for kitchen or dessert. 

Has no value in New York. A curiosity but of poor flavor. 

Tree hardy, good grower, very productive. Very popular. 

An old sort which has never become popular. . 

One of the most popular of the large crabs. Dessert and 
kitchen. 

Valued for home use. Culinary. 
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VARIETIES OF STRAWBERKRIP Sy Wale 
CULTURAL DiRT CG elG ie. 


OSM AY LOR: 


SUMMARY. 


Conditions of temperature and moisture in the vicinity of Geneva 
were favorable in 1905 for testing strawberries, although unfavor- 
able in the western and eastern portions of the State. 

Most of the varieties under test fruited in midseason. Fairfield 
and Weston No. 1 were the earliest desirable kinds, and among the 
latest were Cardinal, Mark Hanna, Mead, President, Ridgeway and 
Rough Rider. 

Good size of fruit is essential. Some desirable kinds such as 
Ernie, Fairfield, Kansas and Senator Dunlap produce large fruit 
which decreases considerably in size as the season advances, while 
Cardinal, Joe, Mark Hanna, Marshall, Mead, President, Ridgeway, 
Rough Rider, Thompson No. 511, Thompson No. 700 and Weston 
No. 1 produce large fruit of desirable size to the close of the season. 

Cardinal has many good qualities. Ernie may be valuable if 
not subject to leaf blight. Fairfield appears valuable only on 
account of earliness. Joe and Mead should be planted closer than 
other varieties. Mark Hanna is the most productive though low 
in quality. President is of largest size, an excellent show berry but 
deficient in quality. Glen Mary, Kansas, Marshall, Ridgeway, 
Rough Rider and Senator Dunlap are standard commercial kinds. 

The rating in regard to yield is given in the description of the 
variety. Mark Hanna, the most productive kind, yielded at the rate 
of 12,400 quarts per acre, and the least productive kind was Mid- 
night, yielding 1,114 quarts per acre. With some varieties such as 
Joe, Pan American and Commonwealth, the yield is largely deter- 


*A reprint of Bulletin No. 276. 
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mined by distance of planting, as these varieties are usually very 
poor plant makers. 

The cultural directions are not intended to be specific. They are 
rather suggestions along desirable lines. The details vary to suit 
the necessities of different sets of conditions. 


INTRODUCTION. 


In this bulletin are described many of the newer varieties of 
strawberries, together with a few standard kinds for comparison. 
These descriptions are followed by brief cultural directions which 
answer in a measure the many inquiries coming to this Station in 
regard to growing the crop. 

The season of 1905 was marked by widely variable conditions 
in different parts of the State, both favorable and unfavorable to 
the best development of strawberries. Western New York was 
characterized by excessive rainfall, while the eastern portion of the 
State experienced a season of unusual drought. The conditions of 
temperature and rainfall were, however, fairly satisfactory in Cen- 
tral New York, especially in the vicinity of Geneva where the test 
was made. 

The results herein noted must not be taken as absolute, indicating 
what might be expected under widely different conditions of 
environment. They simply point out the strong and weak features 
of certain varieties when tested under the soil conditions at this 
Station. 


NO) LB eaOIN s VARKER.) TES: 


Season of ripening.— The terms early and late are but relative, 
and most of the varieties described in this bulletin ripened during 
midseason. None of those tested in this experiment were very early 
with the exceptions of Fairfield and Weston No. 1 which were 
nearly a week or more earlier than the other varieties. Possibly 
they may have some value on this account although both are lack- 
ing in flavor and quality. Among the later kinds were: 


Cardinal, President, 
Hunn, Ridgeway, 
Mark Hanna, Rough Rider. 


Mead, 
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Size of fruit—One of the requirements for a good commercial 
variety is that the fruit be of sufficient size to make a good appear- 
ance. The berries of some varieties uniformly run too small; with 
others the size at the first pickings is good but decreases rapidly as 
the season advances. A few, however, appear to hold their size 
well to the close of the season. This tendency varies with the 
environment, is influenced to some extent by congeniality of sur- 
roundings, and is modified by moisture conditions. The following 
varieties appeared to hold their size well to the end of the picking 
season : 


Beidler, President, 
Cardinal, Ridgeway, 
Goldsborough, Rough Rider, 

Joe; Thompson No. 511, 
Mark Hanna, Thompson No. 700, 
Marshall, Weston No. I. 
Mead, 


Desirable kinds.— Many of the varieties under test failed to make 
a good showing. It must be remembered, however, that varieties 
of all fruits, and especially strawberries, give widely varying results 
in different locations and under different conditions. The results 
here given were obtained from plants grown on a heavy, clay soil 
not well adapted to successful growing of this fruit. The follow- 
ing are those which appeared to be desirable either for home use 
or for commercial purposes: 


Cardinal, Mead, 

Ernie, President, 

Fairfield, Ridgeway, \ 
Glen Mary, Rough Rider, 

Joe, Senator Dunlap, 
Kansas, Thompson, No. SIT, 
Mark Hanna, Thompson, No. 700, 
Marshall, Weston No. I. 


Plant makers— One of the marked characteristics of varieties 
of strawberries is variation in the tendency to produce runners or 
to make new plants. Most of the varieties under test produced a 
moderate number. Some, however, made very few new plants, 
leaving the ground bare in places, while others were such prolific 
plant makers that the plants were badly crowded. In this experi- 
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ment all varieties were planted the same distance apart, three feet 
by two feet. In commercial work some of these varieties should 
be planted much closer, while others should have more room. The 
following is a list of varieties producing very few or very many 
plants: 


VERY FEW PLANTS. . VERY MANY PLANTS. 
Mark Hanna, Challenge, 
Ridgeway, Commonwealth, 
Senator Dunlap, Goldsborough 
Shenandoah, Joe, 

Stahelin. Mead, 
| Midnight, 


Pan American. 


Productiveness.— Observations were made in the field at fruiting 
time in regard to apparent productiveness, and the fruit of each 
variety was weighed at each picking, the rate per acre being 
obtained from these figures. As yield is largely influenced by !ocal 
conditions, the figures are omitted from this bulletin, the rating of 
productiveness being recorded in the description of each variety. 
The most productive kind, Mark Hanna, yielded at the rate of 
12,400 quarts per acre. Among other productive varieties were 
Cardinal, Kansas, President, Ridgeway, Rough Rider, Senator Dun- 
lap, Shenandoah and Stahelin. 

Some varieties gave a very low yield. The least productive kind 
was Midnight, yielding 1,114 quarts per acre. Among other unpro- 
ductive kinds were Commonwealth, Hunn, Joe, Pan American. 
Three of these, however, would have given a much higher yield 
had the plants been set closer, the individual plants in some cases 
being very productive. 


DESCRIP ELON. ORY ARIE TIES. 


In these descriptions the names in parentheses following the 
names of varieties indicate the source of the plants tested at the 
Station. 


Beaver.—(John Mull, Dayton, O., and M. Crawford, Cuya- 
hoga Falls, O.) Per. A chance seedling of unknown parentage, 
originated about 1901 by J. F. Beaver, Dayton, O., and introduced 
in 1904 by Mr. Crawford. Plants moderately numerous, moderately 


26 
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vigorous, not very productive. Leaves medium to large, rather 
dark green; leaf stems medium length, thick. Fruit stems short, 
thick, usually double. Comes in bloom May 17. Calyx large, leafy, 
inclined to discolor, often slightly raised. Seeds raised. Fruit aver- 
ages above medium in size, roundish conic, unattractive in color 
being dull pale scarlet, some portions of surface nearly white. Flesh 
‘quite pale, rather firm, rather acid, fair to good in flavor and quality. 
Does not pick easily. Foliage considerably injured by leaf blight. 
Does not succeed on the heavy soil at this Station. 

Beidler.—-( Mark T. Thompson, Rio Vista, Va.) Imp. Origi- 
nated by Mr. Thompson who sent it to this Station for testing, as 
No. 602. Introduced by him under its present name in the Spring 
of 1905. Plants numerous, vigorous, very productive. Leaves 
large to above medium, dark green; leaf stems above medium to 
long, thick, Fruit sterns long, stout, usually double. Comes in 
bloom May 20. Calyx large, leafy. Seeds raised or slightly sunken. 
Fruit large to very large wedge or sometimes coxcomb, often de- 
pressed along the center, sometimes with green or pale tips, usually 
light and dark scarlet. Flesh firm, juicy, rather acid, not high flavor 
‘or quality. Although the size is excellent to the close of the season, 
the general appearance is rather coarse, the fruit lacks attractiveness 
‘in shape, and the flavor and quality are not equal to the best vari- 
eties. The foliage is also severely attacked by leaf blight. 

Cardinal.—_(J. G. Streator, Garrettsville, O.) Imp. A self 
‘sown seedling originated by Mr. Streator in 1896. Nothing is cer- 
tain concerning its parentage. The stock was sold to The Templin 
Co., Calla, O., who introduced the variety in the Spring of 1905. 
‘Plants rather numerous, vigorous, productive. Leaves large, dark 
green; leaf stems above medium to long, rather thick. Fruit stems 
long, stout, usually double. Comes in bloom May 23. Calyx large, 
leafy, usually not depressed, occasionally showing discolorations. 
Seeds raised. Fruit above medium to large, retaining its size till 
the close of the season, roundish conic, sometimes inclined to wedge, 
rather dark, dull or sometimes glossy scarlet. Flesh good color, 
firm, juicy, mildly acid, good in flavor and quality. Appears to be 
worthy of test on account of freedom from leaf blight, productive- 
ness, excellent shape, fairly good color and desirable flavor and 
‘quality. 
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Challenge.—(Slaymaker & Son, Dover, Del.) Per.  Intro- 
duced by M. Crawford, Cuyahoga Falls, O. Plants few, only 
moderately vigorous, not very productive. Leaves medium size, 
moderately dark green; leaf stems medium to below in length, rather 
slender. Fruit stems short, stout, usually double. Comes in bloom 
May 17. Calyx medium size, sometimes discolored. Fruit above 
medium to large, dropping considerably in size as the season ad- 
vances, rather poor shape, varying from coxcomb or wedge to rather 
long roundish conic, rather unattractive dull scarlet. Flesh rather 
light color, moderately firm, juicy, lacking in flavor and quality. 
Of little value as fruited at this Station as the foliage is attacked 
by leaf blight, the berries are variable in size and shape, unattractive 
in color and inferior to standard varieties in flavor and quality. The 
variety would have given a better record in productiveness had the 
‘plants been set considerably closer, as but few runners were made 
during the season. 

Climax.—(W. F. Allen, Salisbury, Md.) Per. Originated and 
introduced by H. W. Graham, Wetipquin, Md. Plants moderately 
numerous, rather vigorous, moderately productive to productive. 
Leaves medium to large, dark green; leaf stems medium to above 
in length, rather slender. Fruit stems medium length, stout, usually 
single. Comes in bloom May 18. Calyx medium to rather small, 
usually set in a very slight depression. Seeds slightly raised. Fruit 
above medium to large, dropping in size as the season advances, 
roundish conic to slightly wedge but blunt, surface rather smooth, 
dull, rather dark scarlet, not particularly attractive. Flesh good 
color, firm, juicy, agreeable mild acid, good in flavor and quality. 
This variety has desirable characteristics in shape, firmness, flavor 
and quality but is deficient in size in the later pickings. 

Commonwealth.—(Slaymaker & Son, Dover, Del.) Per. Origi- 
nated in 1902 by William H. Monroe, Commonwealth, Mass., and 
introduced by C. F. Pratt, Reading, Mass. Plants not numerous, 
only moderately vigorous, not very productive. Leaves medium 
to below in size, rather pale green; leaf stems short, rather slender. 
Fruit stems short, thick, usually single. Comes in bloom May 27. 
Calyx medium size, usually slightly depressed, often discolored. 
Seeds very numerous. Fruit variable in size, ranging from below 
medium to large, variable shape, coxcomb to irregular roundish 
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conic or slightly wedged, dark glossy scarlet. Flesh good color, 
firm, juicy, not high flavor or quality. Foliage somewhat injured 
by leaf blight. Does not appear promising at this Station on account 
of variable size and low flavor and quality. On account of habit of 
making but few runners, the plants should be set considerable closer 
than usual to secure a good yield. 

Ernie.—(A. R. Weston & Co., Bridgman, Mich.) Per. Origi- 
nated by Dr. S. Mandlin, Bridgman, Mich., in 1895. Introduced by 
A. R. Weston & Co. in 1903. Parentage unknown. Plants moder- 
ately numerous, vigorous, moderately productive. Leaves above 
medium to large, dark green; leaf stems long, moderately thick. 
Fruit stems rather short, moderately thick, usually double. Comes 
in bloom May 17. Calyx rather large, leafy, set in a slight hollow. 
Seeds raised. Fruit above medium to large, dropping in size as the 
season advances, roundish conic, slightly elongated, attractive, 
glossy, rather dark scarlet. Flesh good color, firm, aromatic, agree- 
able mild acid, good to very good in flavor and quality. Foliage 
considerably injured by leaf blight. Appears to be worthy of 
further testing. 

Fairfield.—(M. Crawford, Cuyahoga Falls, O.) Per. Plants 
only moderately numerous, vigorous, moderately productive. 
Leaves medium size, light green; leaf stems rather long, rather 
slender. Fruit stems short to medium, stout, usually double. 
Comes in bloom May 15. Calyx rather large, recurved. Seeds 
numerous, moderately depressed. Fruit large at first pickings, 
dropping rapidly to below medium as the season advances, roundish 
conic, sometimes quite sharply pointed, large berries often with fur- 
rowed surface, attractive light scarlet. Flesh well colored, moder- 
ately firm to firm, rather acid, lacking somewhat in flavor and qual- 
ity, ranking no more than fair. Picks easily. One of the earliest to 
ripen. Although undesirable in quality, it may have some value 
where earliness is the prime requisite. 

Glen Mary.—(L. J. Farmer, Pulaski, N. Y.) Per. Originated 
by Mr. Jugham, West Chester, Pa. Introduced by W. F. Allen, 
Salisbury, Md. This standard variety was for some reason very 
unsatisfactory in 1905 and a complete description under such condi- 
tions would not do justice. Plants set in 1904 made a weak growth 
producing scarcely any runners, and the fruit in 1905, while good 
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in flavor and quality, was abnormal in color and shape. When well 
grown it is desirable on account of large size, attractive color and 
good flavor and quality. 

_ Goldsborough.—(A. T. Goldsborough, Wesley Heights, Wash- 
ington, D. C.) Imp. Originated by Mr. Goldsborough and intro- 
duced by him in 1903. It is a cross between a wild berry and the 
British Queen. Plants very few, rather vigorous, not very produc- 
tive. Leaves large, rather light green; leaf stems long, stout. Fruit 
stems moderately long, thick, usually double. Comes in bloom 
May 19. Calyx large, leafy, rather pale green. Seeds rather large, 
slightly raised. Fruit above medium to large, retaining its size till 
close of season, blunt pointed, roundish conic to slightly wedge, 
rather unattractive pale or dull scarlet. Flesh good color, firm, 
agreeable mild acid, good in flavor and quality. Picks easily. 
Although this variety is very satisfactory in size, firmness, flavor 
and quality, the color is so unattractive that it is doubtful if it will 
prove popular as a commercial variety. 

Hunn.— (From bed in Station grounds.) Imp. Originated at 
this Station during the winter of 1889-90. Plants moderately nu- 
merous, moderately vigorous, not very productive. Leaves medium 
size, dark green; leaf stems short, moderately thick. Fruit stems 
short, stout, usually single. Comes in bloom June 1. Calyx large, 
leafy, usually set in a slight depression. Fruit above medium to 
very large, blunt roundish conic to slightly wedge, very dark glossy 
scarlet. Flesh good color, firm, juicy, good to very good in flavor 
and quality. One of the latest varieties. ‘This variety has been 
tested in many parts of the State but has never become very popu- 
lar. On most soils it has proved unproductive and the foliage has 
been severely attacked by leaf blight. It does not retain its size 
well during the later pickings. 

foe (jet. Black, Son) & .Co.,.)Hightstown, .N. J.) ~ Per: 
Originated by Black, Son & Co., fruiting for the first time in 1893. 
Introduced by them in 1899. A seedling of Middlefield and Chairs 
was crossed with Sharpless, and one of the best seedlings obtained 
in this way was crossed with Gandy. The most promising of this 
cross was named Joe. Plants not numerous, vigorous, moderately 
productive. Leaves large, medium dark green; leaf stems long, 
thick, usually double. Comes in bloom May 24. Calyx medium to 
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rather large, rather leafy, usually not depressed. Seeds slightly 
raised. Fruit above medium to very large, retaining its size 
throughout the season, blunt, roundish conic or irregular wedge, 
surface often furrowed, attractive dark scarlet. Flesh good color, 
firm, agreeably acid, good flavor and quality. On account of making 
few runners should be planted closer than most varieties. Has 
many qualities that commend it, especially large size of fruit and 
freedom of plants from leaf blight. 7 

Kansas.—(W. F. Allen, Salisbury, Md.) Imp. Originated 
by J. J. Whittman, Emporia, Kans., and introduced by Mr. Allen 
in the Spring of Ig00. It is said to be a chance seeding of unknown 
parentage. Plants moderately numerous to numerous, moderately 
vigorous, not injured by leaf blight, productive. Leaves medium 
size, rather pale green; leaf stems medium length, rather slender. 
Fruit stems moderately long, thick, usually single. Comes in bloom 
May 23. Calyx large, leafy usually ina depressionseocees 
slightly raised. Fruit averages above medium to medium in size, 
decreasing in size as the season advances, roundish conic to slightly 
wedge shape, rather blunt, tip often ending in a depression, surface 
often irregularly furrowed, attractive, rather moderately dark scar- 
let. Flesh good color, firm, juicy, mildly acid, good to very good in 
flavor and quality. Although this variety does not rank as a large 
berry, it has proved to be a desirable commercial sort in many places 
on account of productiveness, attractive color and good flavor and 
quality. | 

Mark Hanna.—(Mark T. Thompson, Rio Vista, Va.) Imp. 
A seedling of Bubach, originated by Mr. Thompson. Plants nu- 
merous, healthy, very productive. Leaves medium size, moderately 
dark green; leaf stems long, medium to rather thick. Fruit stems 
long, thick, usually double. Comes in bloom May 17. Calyx 
medium to below, usually reflexed, rather leafy, usually not de- 
pressed. Seeds numerous, sunken. Fruit large to very large, 
retaining good size till close of season, irregularly shaped, often cox- 
comb or wedge, sometimes roundish conic, surface often irregularly 
furrowed, rather attractive light scarlet, rather glossy. Flesh of 
fairly good color, moderately firm, juicy, agreeably tart, fair to 
good in flavor and quality. Although not of highest quality, it is 
by far the most productive variety fruited this season on the Station 
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grounds, and on account of the great yield, together with large size, 
it may have considerable value where quality is not the first requi- 
site. The general appearance of some of the larger fruits is slightly 
coarse. 

Marshall.—(From bed in Station grounds.) Per. Originated 
and introduced about 1892 by M. F. Ewell, Marshfield Hills, Mass. 
Plants moderately numerous, moderately vigorous to vigorous, mod- 
erately productive. Leaves rather large, rather dark green; leaf 
stems medium length, stout. Fruit stems medium length, stout, 
usually double. Comes in bloom May 15. Calyx medium size. 
Seeds moderately raised, rather large. Fruit very large to above 
medium, roundish conic to wedge, surface often irregularly fur- 
towed, attractive dark glossy scarlet. Flesh well colored, firm, 
juicy, good to very good flavor and quality. Berries sometimes 
inclined to greenish tips. This is a standard commercial variety, 
considered very valuable in certain localities but does not succeed 
on all soils, ranking rather low in productiveness in many places. 

Niedd. (|) ble tiiaie,. South, Glastonbury, Ct.) Per, Origi- 
nated with O. E. Mead, Lunenburg, Mass., about ten years ago. 
Introduced to the trade by Mr. Hale in Spring of 1904. Plants 
only moderately numerous, moderately vigorous, productive. 
Leaves medium to above in size, dark green; leaf stems above 
medium length, moderately thick. Fruit stems short, thick, usually 
double. Comes in bloom May 24. Calyx medium to above in size, 
rather leafy. Seeds variable, raised or slightly depressed. Fruit 
above medium to large, blunt, roundish conic, surface smooth. Flesh 
good color, firm, mild acid, good in flavor and quality. On account 
of few runners should be planted closer than most varieties. Ap- 
pears to be worthy of testing. 

Midnight.— (J. H. Hale, South Glastonbury, Ct.) Per. 
Plants not numerous, lacking in vigor, not productive. Leaves 
below medium to medium in size, pale yellowish-green; leaf stems 
short, slender. Fruit stems short, moderately thick, usually single. 
Comes in bloom May 15. Calyx medium to large, sometimes dis- 
colored, not depressed. Seeds raised. Fruits variable, below me- 
dium to very large, roundish conic to wedge, irregular both in size 
and shape, rather unattractive light or dark scarlet. Flesh light 
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colored, firm, possibly good in flavor and quality. Not equal to 
standard varieties. 

Pan American.—(Samuel Cooper, Delevan, N. Y.) Per. 
Originated in 1898 as a sport of the Bismark by bud variation, 
and introduced by Mr. Cooper in 1902. Plants producing very few 
runners, moderately vigorous; individual plants very productive. 
Leaves medium to below, rather dark green; leaf stems rather short, 
rather slender. Fruit stems short, stout, usually double. Comes 
in bloom May 15. Calyx small, rather deeply. set. Seeds very 
numerous, raised. Fruit medium to above, blunt pointed, roundish 
conic, moderately attractive, rather dull or pale scarlet. Flesh, rather 
pale red, firm, slightly aromatic, no more than good in flavor and 
quality. Does not pick very easily. The chief characteristic of this | 
variety is its habit of fruiting in the fall. When the first blossoms 
are removed until midsummer, the plants will fruit in late August 
through September and until checked by frosts in early October. 
May have some value where strawberries fruiting at this season 
are desired. It should be planted considerably closer than most 
varieties. 

President.—(Slaymaker & Son, Dover, Del.) Imp. Origt- 
nated about 1900 by M. R. Hunt of Lambertville, N. J. Plants 
moderately numerous, vigorous to very vigorous, productive. 
Leaves large, very dark green; leaf stems long, stout. Fruit 
stems long, stout, usually double. Comes in bloom May 24. 
Calyx rather large, leafy. Seeds. slightly depressed. Fruit 
of largest size, roundish blunt conic, slightly furrowed, attractive 
bright scarlet. Flesh fair or rather light color, moderately juicy, 
very mild, fair to good in flavor and quality. Foliage somewhat 
injured by leaf blight. The largest and most attractive variety in 
the Station collection but somewhat deficient in flavor and quality. 
One of the most promising varieties where size and color are 
prime requisites. 

Ridgeway.—(From bed in Station grounds.) Per. Origi- 
nated and introduced some years ago by M. H. Ridgeway of 
Indiana. Plants numerous, vigorous, productive to very productive. 
Leaves medium to above in size, rather dark green; leaf stems 
medium to above in length, stout. Fruit stems short, stout, usually 
double. Comes in bloom May 17. Calyx large, leafy. Seeds very 
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slightly sunken. Fruit above medium to large, retaining size fairly 
well in later pickings, roundish conic to slightly wedge, blunt 
pointed, rather smooth surface, bright scarlet or pale scarlet, often 
glossy. Flesh usually good color, moderately firm, juicy, good 
flavor and quality. This variety has many characteristics which 
commend it highly for commercial purposes. It, however, is not 
quite as firm as some of the other standard varieties and the calyx 
detaches very readily in seasons of abundant moisture. 

Rough Rider.—(L. J. Farmer, Pulaski, N. Y.) Per. Said to 
be a cross of Bubach and Gandy, originated in 1893 by Charles 
Learned, and introduced in 1900 by L. J. Farmer. Plants mod- 
erately numerous, moderately vigorous to vigorous, productive. 
Leaves medium size, medium dark green; leaf stems above medium 
length, rather slender. Fruit stems medium length, slender to 
rather thick, usually double. Comes in bloom May 18. Calyx, 
medium to below, rather leafy, often reflexed. Seeds depressed. 
Fruit large to above medium, retains good size during the season, 
somewhat wedge to roundish conic, rather dark, attractive scarlet. 
Flesh good color, firm, agreeably acid, good in flavor and quality. 
A desirable late berry on account of size, attractiveness and good 
characters of flesh. 

Senator Dunlap.— (L. J. Farmer, Pulaski, N. Y.) Per. Origi- 
nated by J. R. Reasoner, Urbana, IIl., and introduced by M. Craw- 
ford, Cuyahoga Falls, O., in 1899.* Parentage uncertain but pos- 
sibly a seedling of Warfield. Plants very numerous, very vigorous, 
productive. Leaves medium to above in size, moderately dark 
green; leaf stems long, slender. Fruit stems long, moderately 
slender, usually single. Comes in bloom May 15. Calyx medium 
size, recurved, not sunken. Seeds medium or above in size, slightly 
sunken. Fruit medium to very large, does not retain its size till 
close of season, roundish conic or slightly elongated, often with 
tendency to slight neck, glossy, attractive light and dark scarlet. 
Flesh well colored, moderately firm to firm, rather mild, good flavor 
and quality. Picks easily. Inclined to produce too many plants. 
Although somewhat variable in size is desirable on account of at- 
tractiveness and good flavor and quality. 





* Letter, Reasoner, April 19, 1900. 
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Shenandoah.— (W. A. Shook, McGaheysville, Va.) Per. Plants 
numerous, rather vigorous, productive. Leaves medium size, me- 
dium dark green; leaf stems medium length, moderately slender. 
Fruit stems long, rather slender, usually single. Comes in bloom 
May 15. Calyx large, leafy, usually not depressed. Seeds slightly 
sunken. Fruit above medium to large, dropping in size as the 
season advances, roundish conic to blunt wedge, light scarlet. Flesh 
fairly good color, moderately soft, good in flavor and quality. 
Variable in size and hardly firm enough for a desirable commercial 
variety. 

Stahelin— (M. Crawford Co., Cuyahoga Falls, O.) Imp. 
Plants numerous, vigorous, very productive. Leaves medium size, 
light green; leaf stems long, moderately slender. Fruit stems long, 
rather stocky, usually single. Comes in bloom May 15. Calyx 
rather small, often inserted in a hollow. Seeds numerous, some- 
what raised. Fruit medium to nearly large, dropping rapidly in 
size as the season advances, oblate conic to roundish conic or wedge, 
attractive light scarlet. Flesh fairly good color, firm, rather acid, 
fair to good quality but not high flavor. Picks easily. The fruit is 
variable in size, the surface is often uneven as if improperly pol- 
linated and the hull is frequently discolored. As it lacks in flavor 
and quality, it does not appear equal to standard varieties of its 
season. 

Thompson No. 511. (Mark T. Thompson, Rio Vista, Va.) 
Per. Plants very numerous, very vigorous, very productive. Leaves 
large to above medium, dark green; leaf stems long, moderately 
thick. Fruit stems long, moderately thick, usually double. Comes 
in bloom May 24. Calyx large, leafy, reflexed. Seeds raised. 
Fruit large, usually wedge, or semi-double, often deeply furrowed, 
sometimes rather long roundish conic, glossy, attractive moderately 
dark scarlet. Flesh fairly good color, firm, moderately juicy to 
juicy, mild, good in flavor and quality. Rather irregular in shape 
but holds its size well till close of season. Appears to be worthy of 
further test on account of attractive appearance and desirable flesh 
characters. 

Thompson No. 700.— (Mark T. Thompson, Rio Vista, Va.) 
Per. Originated by Mr. Thompson. Plants very numerous, very 
vigorous, very productive. Leaves medium to above in size, dark 
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green; leaf stems long, slender. Fruit stems long, medium to rather 
slender, usually single. Comes in bloom May 15. Calyx medium to 
below, often unattractive brownish color. Seeds numerous, rather 
large, sunken, giving a somewhat coarse appearance. Fruit above 
medium to large, irregular wedge varying to roundish conic, light 
scarlet. Flesh good color, firm, juicy, agreeably acid, good in 
flavor and quality. More acid than Marshall. The berries pick 
easily and retain their size well in the later pickings. Appears to 
be worthy of testing on account of its productiveness and good 
flavor and quality, although in some pickings the fruit was not 
very attractive either in shape or color. 

Weston No. 1— (A. R. Weston, Bridgman, Mich.) Per. Plants 
numerous to very numerous, vigorous, productive. Leaves medium 
to large, pale green; leaf stems long, rather slender. Fruit stems 
long, slender, usually single. Comes in bloom May 15. Calyx 
medium, reflexed. Seeds rather small, slightly sunken. Fruit above 
medium to large, holding its size well throughout the season, 
roundish conic to irregular wedge, rather light scarlet. Fiesh 
rather light at center, moderately soft, mild, fair to good in flavor 
and quality. Picks easily. A good sized early berry but lacks in 
flavor and quality. 


STRAWBERRY — CULTURAL DIRECTIONS. 


Soil— The strawberry is cosmopolitan in adaptation to soils, 
some varieties thriving on nearly all kinds and over a wide range 
of territory. As a rule, however, the lighter loams are better 
adapted to most varieties than are the heavy clay soils. 

Preparation of ground.— Sod soils should be avoided on account 
of danger of injury from the work of the larvae or grubs of the 
common May beetles which lay their eggs in sod ground. The soil 
may be plowed in fall or early spring after receiving a heavy appli- 
cation of stable manure, and should be made fine and mellow by 
thorough cultivation before setting the plants. It is usually an 
advantage to select ground upon which a hoed crop had been grown 
the preceding season in order to reduce the number of weeds in the 
strawberry bed. 

Fertilizers — The amount and kind of fertilizer to use depend 
largely upon the need of the soil in which the plants are to grow 
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and may be entirely different in some other locality or on a different 
soil. The ground may be in need of nitrogen, potash or phos- 
phoric acid, or may lack humus, 7. e., decaying organic matter. 
Humus may be supplied by stable manure or by the plowing under 
of plants of various kinds, clover crops being especially desirable as 
they tend to supply nitrogen. If the plants do not make sufficient 
growth an application of nitrate of soda or of dried blood at the 
rate of from one hundred to two hundred pounds per acre may be 
beneficial. A lack of potash may be supplied by applications of 
wood ashes or of muriate of potash using the latter at the rate of 
about five hundred pounds per acre; and phosphoric acid may be 
supplied by applications of acid phosphate at the same rate.. There 
are various other fertilizers that might be named. Attention is 
called to the desirability of making tests of different fertilizers 
leaving check rows to determine the actual need of the particular 
soil. Applications of fertilizers may be given during the first sea- 
son’s growth, and these should be made early or in midsummer 
rather than in late fall. Under some conditions an application the 
second Spring as growth starts may also be beneficial. 

Selection of varieties As with other fruits there is a wide 
variation in the behavior of varieties under different conditions, 
and for commercial plantings only those varieties should be set 
extensively that have made a good record locally; newer varieties 
should be tested in a small way and their value definitely determined 
before setting them in the plantation. 

Sex of plants.— Attention is also called to the sex of the plants. 
Rows of imperfect blooming kinds should alternate with perfect 
bloomers to secure pollinization of the imperfect blossoms. If only 
those varieties which are imperfect, 7. e., in which the blossoms con- 
tain no stamens in addition to the pistils, such as Cardinal, Kansas, 
President, etc., be planted the result is usually a failure and unless 
there are a sufficient number of blossoms nearby of perfect bloomers, 
such as Marshall, Ridgeway, Rough Rider, etc., the incomplete 
fertilization is indicated by an abundance of nubbins, berries with 
hard, greenish, undeveloped apex. The kind of pollen does not ap- 
pear to influence the character of the fruit. For instance — the 
fruit of Kansas (imperfect) always seems the same in size, shape, 
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color and flavor no matter whether the pollen be supplied from 
Marshall, Fairfield or Joe, which differ widely. 

Selection of plants—— The best plants are none too good and as 
a rule should be taken, not from old beds, but from young beds 
which have not yet fruited, discarding the weak or inferior ones. 
A system of selection intelligently followed for a series of years 
should result in an improved strain. If the so-called “ pedigree” 
plants are superior to others it is because of intelligent, long con- 
tinued selection. 

Setting the plants— The distance apart of the rows and of the 
plants in the row varies somewhat with the natural richness of the 
soil, and considerably with the ability of the varieties grown to 
make runners. Varieties producing the largest number of plants 
may be set as far apart as four by two and a half or three feet, 
while those producing but few plants may be set three feet by eight- 
een inches or even closer,— an average cistance being three by two 
feet for most varieties. The plants are usually set in early Spring. 

Summer treatment.— During the summer the ground should be 
kept cultivated and the plants hoed as occasion requires. The blos- 
som clusters should be removed, and the earliest runners be en- 
couraged to root as early as possible. Some fertilizer may be 
applied if necessary as indicated on page 4II. 

Winter treatment.— On the approach of winter the plants should 
be given protection against the freezing and the thawing of the 
ground. The best covering is one that is free from weed seeds, 
spreads evenly, is not blown off by heavy winds, and does not mat 
down too closely over the plants. It is only necessary to cover the 
plants out of sight—an inch or two deep being more desirable 
than three or four inches. Various materials may be used for this 
purpose such as marsh hay, course stable manure, straw, or rough 
refuse. 

Spring and second summer treatment.— In early spring it may 
be necessary to shake up the covering to prevent the plants from 
smothering, and as growth begins some of the material should be 
removed from over the plants and placed between the rows. Gen- 
erally no further treatment is necessary except to hand pull the 
larger weeds, but where these are troublesome it may sometimes be 
necessary to remove the litter and to give thorough cultivation, 
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replacing it before the berries ripen to keep the fruit clean and to 
retard evaporation. 

It is usually not considered necessary to spray the foliage for 
leaf blight but where the disease is serious it may be kept in check 
by applications of bordeaux mixture; but such applications should 
not be made while the plants are in bloom nor so late that the 
bordeaux shows on the ripe fruit. 

Usually only one crop is taken from a bed, resetting each year, 
but if the plants are vigorous and healthy and the ground com- 
paratively free from weed seeds, they may be left for a second 
crop. The tops are usually cut and the entire surface burned over 
as soon as the plants have finished fruiting or the cut leaves and 
mulching are removed, the rows being narrowed down to strips 
about six inches wide. Further cultivation and fertilization will be 
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VARIETIES OF RASPBERRIES AND BLACK- 
Lay saad Ge ee MLE Viclpe Gee ele BE REA: Te 
IDE Gar Lunse 


ORM LA LOR: 


SUMMARY. 


Only varieties which have been tested on the Station grounds 
during the past eight years are included in this bulletin. 

Among red raspberries Bradley No. 1 and Brilliant have not 
been fully tested but appear to be of doubtful value. Cline is valu- 
able only on account of earliness. The fruit is small and the plants 
unproductive. Cuthbert is still the most popular variety throughout 
the State. Herbert has made a good record and is worthy of 
testing. King and Royal Church are inclined to crumble. Loudon 
is desirable but is quite variable in growth of cane. Marlboro canes 
are rather dwarf but are very productive. Pomona lacks pro- 
ductiveness on some soils. ‘Turner is an old variety, hardy and 
productive, but the fruit averages too small. 

Purple raspberries are superior for canning. Their value for 
this purpose is not fully appreciated. Columbian and Shaffer are 
both desirable kinds. Haymaker is productive; has not been fully 
tested but appears hardly equal in size or quality to varieties already 
mentioned. 

Black raspberry plantations should be frequently renewed on 
account of injury from anthracnose. Beyer is a new kind ripening 
its fruit on the current season’s growth; requires further testing, 
as yet does not show many desirable characters. Black Diamond 
is variable, being worthless on some soils. Cumberland, Gregg, 
Mills and Onondaga produce fruit of excellent size and color. 
Eureka, Mohler and Palmer are among the most desirable early 
kinds. Ohio is not grown as extensively as formerly, and is used 


more for evaporating than for market purposes. 


*A reprint of Bulletin No. 278. 
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The winter injury to blackberries has been severe during the 


past five years. Many kinds require winter protection. Agawam | 


and Ancient Briton produce large crops of berries, medium to above 
in size. Chautauqua and Florence are new, and although rather 
promising, require further testing. Eldorado, Mersereau, and New 
Rochelle produce fruit large in size. Rathbun is somewhat tender. 
Snyder is the most cosmopolitan of all the varieties, and although 
the fruit is small the canes are hardy and very productive. 
Cultural directions are not given in detail, as they must vary 
under the different conditions found on different farms. The most 
important topics are briefly discussed and suggestions are given in 
regard to some of the methods followed by successful growers. 


INTRODUCTION. 

It is eight years since a bulletin has been issued by this Station 
on raspberries or blackberries, although notes have been taken 
yearly in regard to the behavior of the many varieties growing in 
the Station plats. It appears desirable at the present time to pub- 
lish this information in a condensed form to meet the numerous 
inquiries regarding these fruits. The following notes describe the 
varieties and indicate their behavior for a series of years under the 
conditions in which they have been grown at this Station. 

A discussion of insects and diseases infesting raspberries and 
blackberries is not given in this bulletin as the subject is covered 
in Bulletin 170 of this Station. It is sufficient at this time to state 
that anthracnose is one of the most serious diseases of black rasp- 
berries and has wrought havoc in many plantations during the past 
five years. ‘The best treatment appears to be to dig out and burn 
the infested canes; to frequently set out the new plantations in land 
that has not grown berries in some time; to select the healthiest 
stock available; and to give the best of care in order to secure a 
healthy, vigorous growth well ripened for the winter. 

At fruiting time, observations were made in the field in regard to 
the productiveness of all varieties, and the exact yield was also 
recorded at each picking. As these figures vary from year to year 
in different localities, depending on amount of winter injury, insect 
and fungus troubles, rainfall at harvest time, character of the soil 
-and the attention the plants have received, the figures have been 
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omitted and no attempt has been made to group the varieties in 
regard to yield. The record of productiveness, however, is given 
in the description of each variety. 

Descriptions are given of many old varieties, together with those 
of more recent introduction. In the description of varieties, the 
source of the plants is usually given following the name of the 
variety. In many cases the plants have been secured from the 
originator or introducer in order to obtain stock true to name. The 
value of the variety is summed up with most sorts, in the closing 
sentence of the description. 

It has been thought best to arrange the varieties, as far as 
possible, in their natural groups. So arranged, similar kinds can 
be better compared both as to characters and as to behavior in the 
field. In the main the varieties are grouped in accordance with 
Card’s classification in his Bush Fruits.* 


AMERICAN RED RASPBERRIES. 
(Rubus strigosus.) 


NOTES ON VARIETIES. 

Hardiness.— Records have been made each spring in regard to 
the amount of winter injury. This varied considerably from vear 
to year, depending upon the severity of the winter, and on the con- 
dition of the wood when it went into winter quarters, ranging in 
some cases from 0 to 75 per ct. In the following lists, those 
varieties not injured over 25 per ct. in any year, and with an 
average considerably below that number, have been marked as 
hardy or nearly so, and those injured over 25 per ct. as not hardy. 


Harpy oR NEARLY Harpy. Not Harpy. 9 
Bradley No. 1, Miller, Brilliant, 

Carleton, Olathe, Great American. 
Coutant No. 2, Phoenix, 

Cuthbert, Pomona, 

Eaton, Royal Church, 

Gault, Superb, 

Herbert Superlative, 

Kenyon, Thompson, 

Koch No. 1, Turner, ° 

Loudon Viking, 
Marlboro, | 


* Published by The MacMillan Co., of New York. 
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Earliness.— The value of the time of ripening varies in differ- 
ent locations depending on the market, some growers finding the 
early varieties most profitable while others secure the greatest re- 
turns from late-fruiting kinds. While the relative time of ripening 
of varieties may not vary much from year to. year, the dates of 
ripening for any one sort may be quite different depending on local 
conditions. No clear cut division can be made in regard to season 
of ripening; some varieties have a very long season of fruiting, 
while with other varieties the reverse is true. For several years 
Giant, Marlboro, and Pomona were among the first-to produce 
ripe fruit while the following varieties were among the latest to 
produce good pickings: 


Bradley No. 1, English Giant, Phoenix, 
Coutant No. 2, Herbert, Royal Church. 
Cuthbert, Loudon, 


Desirable kinds.— Many of the varieties tested were found to 
be worthless in this locality. Some were too tender, or not pro- 
ductive; others produced fruit too small and too soft for shipment, 
or the color was unattractive, and the flavor and quality inferior. 
The following list, however, includes those varieties that have made 
the best showing, and under conditions at the Station are of value 
commercially and are worthy of testing elsewhere: 


Cuthbert, Loudon, Pomona, 
Herbert, Marlboro, Turner.* 


DESCRIPTION OF VARIETIES. 


Bradley No. 1.— (C. P. Bradley, South Bend, Ind.) A seedling 
found growing on the farm of Mr. Bradley about the year 1896. 
Received at this Station for testing in the fall of 1902, fruiting for 
the first time in 1904. Plants moderately vigorous to vigorous, 
healthy ; appears to be hardy and productive. Fruit above medium 
to large, resembles Marlboro in shape but is much coarser in general 
appearance, rather attractive dark red, grains large, inclined to 
crumble, good in flavor and quality. Requires further testing to 
fully determine its value, but the large grains give it a coarse ap- 
pearance, and it seems inclined to crumble. 


*See description. 
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Brilliant.,—(Meyer & Son, Bridgeville, Del.) Received for 
testing at this Station in Ig01. Plants not very vigorous, not an 
upright grower, canes rather slender, winter injury from 50 to 75 
per ct. during the past three years. On account of this severe injury 
enough fruit has not been produced for a good description. Ap- 
pears to be too tender for this locality unless protected during the 
winter, 

Carleton.—(J. Craig, Ottawa, Can.) Received for testing at 
this Station about ten years ago. Plants moderately vigorous, 
hardy, productive. Fruit medium to below, light red, grains large, 
inclined to crumble, fair to good in flavor and quality. Not equal 
to standard varieties. 

Coutant No. 2—(S. L. Quinby, Marlboro, N. Y.) Plants 
vigorous to very vigorous, upright, winter injury from o to 15 per 
ct. during the past four years, not very productive. Fruit averages 
above medium to medium in size, light red, moderately firm, some- 
times inclined to crumble, fair to good in flavor and quality. Al- 
though it holds its size fairly well in late pickings, it lacks some- 
what in size and productiveness, and is not equal to standard 
varieties in flavor and quality. 

Cuthbert: Quinby Favorite— An old variety received from 
various sources for testing at this Station. A chance seedling found 
by Thos. Cuthbert in Southeastern New York in 1865. Plants 
vigorous, healthy, rather erect; foliage rather dark green; usually 
hardy, productive. Fruit large, slightly conical, attractive red, 
grains medium to below in size, moderately firm to firm, sweet, 
good to very good in flavor and quality. This is by far the most 
popular variety among red raspberries, and seems to be well adapted 
to many localities. Its season of ripening is not very early but the 
crop ripens quite evenly through a rather long season. 

Eaton.—(A. Garretson, Pendleton, Ind.) Originated and in- 
troduced a few years ago by Mr. Garretson. Said to be a hybrid 
between the Shaffer and the Cuthbert. Plants moderately vigorous, 
nearly hardy, moderately productive. Fruit averages large, grains 
large, crumbles badly, moderately firm, fair quality. Although it 
keeps its size well in late pickings, it is not equal to standard 
varieties on account of habit of crumbling and low quality. 


{Species uncertain. eR peg te ec toy Sate 
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Gault.—(W. C. Gault, Ruggles, O.) <A stray seedling found 
over ten years ago by Mr. Gault by the roadside near his home. 
Plants vigorous, nearly hardy, productive. Fruit medium size or 
below, rather dull red, grains medium in size, moderately firm, 
inclined to crumble, fair in flavor and quality. Inferior to standard 
kinds. 

Golden Queen.—An old variety received from various sources 
for testing at this Station. A yellow raspberry supposed to be a 
seedling of the Cuthbert, and found on the grounds of Ezra Stokes, 
Camden, N. J., in 1883. Plants vigorous to very vigorous, canes 
light in color, nearly hardy, productive. Fruit averages above 
medium,. attractive light yellow sometimes tinged with light pink, 
soft, juicy, resembles Cuthbert in shape, very good in flavor and 
quality. On account of its color and softness is not valuable com- 
mercially. 

Great American.—(J. L. Childs, Floral Park, N. Y.) Received 
for testing in 1896. Plants not vigorous, dwarfish, winter injury 
from 10 to 50 per ct. during the past four years, moderately pro- 
ductive. Fruit medium to large, fairly good color, rather soft, often 
inclined to crumble, no more than fair to good in flavor and quality. 
As fruited here not equal to standard kinds. 

Herbert.—(R. B. Whyte, Ottawa, Can.) A Baanee seedling 
found about fifteen years ago by Mr. Whyte, and sent out for 
testing by him as “ Whyte No. 17.” Received for testing at this 
Station in 1896. Plants moderately vigorous to rather vigorous, 
not so tall as Cuthbert, hardy or nearly so, very productive. Fruit 
above medium to very large, averaging slightly larger than Cuth- 
bert, attractive red, moderately firm to nearly firm, averaging 
slightly softer than Cuthbert, juicy, good to very good in flavor and 
quality. This variety appears to be one of the most promising of 
the newer red raspberries, and is considered worthy of testing for 
commercial purposes. 

Kenyon.— (O. A. Kenyon, McGregor, Ia.) Introduced by Mr. 
Kenyon who found it growing wild in 1885. Supposed to he a 
seedling of Shaffer. Plants vigorous, hardy, productive. Fruit 
medium to above, dark red color, moderately firm, inclined to 
crumble, fair in flavor and quality. Not equal to standard kinds. 


a ie 
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Koch No. 1—(C. H. Koch, Middlehope, N. Y.) Plants mod- 
erately vigorous to vigorous, moderate amount of winter injury, 
productive. Fruit medium to large, firm, grains large, somewhat 
inclined to crumble, good flavor and quality. Not equal to stan- 
dard varieties. 

Loudon.—(F. W. Loudon, Janesville, Wis.) Originated by 
Mr. Loudon, and is supposed to be a seedling of Turner crossed 
with Cuthbert. Introduced by Chas. A. Green, Rochester, N. Y. 
Plants only moderately vigorous, not very tall, stocky, usually 
hardy, productive to very productive. Fruit averages above medium 
to large, often slightly larger than Cuthbert, grains rather large, 
firm or nearly so, attractive red color, moderately sweet, good in 
flavor and quality. This is a standard commercial variety, which 
has made an excellent record in many places. 

Marlboro.—An old variety received from various sources for 
testing at this Station. It is said to be a cross of a seedling and 
the Highland Hardy and originated by Mr. A. J. Caywood, Marl- 
boro, N. Y. Plants only moderately vigorous, almost semi-dwarf, 
canes very stocky, usually hardy, productive. Fruit medium to 
large, attractive red, firm, sometimes inclined to crumble, fair to 
good in flavor and quality. A standard commercial variety in many 
localities. 

Miller: Miller Woodland.—A rather old variety received from 
various sources for testing at this Station. A seedling found grow- 
ing wild at Wilmington, Del. Plants rather weak and semi-dwarf, 
suckers freely, mature canes tinged with brown, usually hardy, 
only moderately productive. Fruit averages medium in size, rather 
light and dark red, surface of berry sometimes rough and uneven 
detracting from appearance, very firm, moderately juicy, sometimes 
inclined to crumble, fair in flavor and quality. Not equal to 
standard varieties. 

Olathe.—(Stayman & Black, Leavenworth, Kan.) Originated 
by Mr. Stayman and is said to be a seedling of Reliance. A late 
berry which has been tested for a number of years at this Station. 
Plants vigorous, with rather slender canes, slightly tinged with red, 
usually rather hardy, productive. Fruit above medium to large, 
firm, juicy, attractive rather dark red, grains medium to below, 
sometimes inclined to crumble considerably, good flavor and quality. 
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Hardly equal to standard varieties, as the fruit too frequently is 
inclined to crumble. 

Phoenix.—(L. J. Farmer, Pulaski, N. Y.) Received at this 
Station for testing in 1896. Plants vigorous or moderately so, 
canes rather slender, usually hardy, only moderately productive. 
Fruit variable in size ranging from below medium to large, firm, 
rather dark red, grains medium size, sometimes inclined to crumble, 
fair to good in flavor and quality. Hardly equal in size or quality 
to standard kinds. 2 

Pomona.—(Wm. Parry, Parry, N. J.) Introduced by Mr. 
Parry about 1887. Plants moderately vigorous to vigorous, canes 
stocky, usually quite hardy, moderately productive to productive. 
Fruit large, attractive light red, firm, nearly sweet, fair to good in 
flavor and quality. In some places has proved unproductive. 

Royal Church.—(Royal Church, Harrisonville, O.) A chance 
seedling originated by Mr. Church. It has been tested for a number 
of years at this Station. Plants vigorous, canes slightly tinged with 
reddish purple, foliage rather dark green, moderate amount of 
winter injury. Fruit above medium to large, variable in color from 
light to very dark red, grains above medium to large, inclined to 
crumble considerably, good in flavor and quality. Hardly equal to 
the best varieties. 

Thompson: Thompson's Early Prolific—*(Cleveland Nursery 
Co., East Rockport, O.) Has been tested for a number of years 
at this Station. Plants vigorous, upright, canes tinged with red, 
rather slender, nearly hardy, not very productive. Fruit medium, 
moderately firm to rather firm, good red color, inclined to crumble, 
fair to good flavor and quality. Inferior to standard kinds. 

Turner.—An old variety received from various sources for test- 
ing at this Station. Originated by J. B. Turner, Jacksonville, Ill. 
Plants vigorous, medium in height, upright, hardy, productive. 
Foliage rather dark green. Suckers freely. Fruit only medium 
size, bright attractive red color, juicy, moderately firm, good to 
very good in flavor and quality. Season of fruiting is earlier than 
that of Cuthbert. Although the fruit is inferior in size to Cuthbert, 
Marlboro or Loudon, it is a favorite in some places for home use 
and for local market where such varieties do not succeed, 


» 
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Viking.—Plants of this variety were received in 1895 from the 
originator, Chas. H. Koch, Middlehope, N. Y. Bushes moderately 
vigorous, with moderate amount of winter injury, unproductive to 
moderately productive. Fruit averages medium in size, nearly 


round, attractive red color, good flavor and quality. Hardly equal 
to standard kinds. 


EUROPEAN RED RASPBERRIES. 
(Rubus ideus.) 


DESCRIPTION OF VARIETIES. 


Belle de Fontenay.—Plants from France, received for testing 
from the Department of Agriculture, Washington, D. C., in 1899. 
Bushes vigorous, apparently hardy, moderately productive. Fruit 
medium to large in size, dull red, moderately firm, grains rather 
large, rather acid, fair quality. Not equal to standard varieties. 

Cline.— (G. W. Cline, Winona, Ont.) A chance seedling of 
unknown parentage found by Mr. Cline over twelve years ago. 
Plants moderately vigorous, medium in height, healthy, hardy, un- 
productive, very early. Fruit medium to below, grains medium 
to rather large, firm, rather sweet, rather dark red, fair to good 
flavor and quality. The chief value of this variety appears to be 
in its earliness. It will, however, probably never become of much 
value commercially as the fruit is small, and the plants are unpro- 
ductive, the season being extremely short, most of the crop being 
secured in two or three pickings. 

King.—(Cleveland Nursery Co., Rio Vista, Va.) An old 
variety which has fruited for several years at this Station. Plants 
moderately vigorous to vigorous, rather hardy, productive. Fruit 
medium to large, moderately firm, inclined to crumble, grains large, 
attractive bright red color, juicy, fair to good in flavor and quality. 
Not equal to Cuthbert or Loudon, although it has made a fairly 
good record in some places. 

Merveille Rouge.—Plants from France, received for testing 
from the Department of Agriculture, Washington, D. C. Plants 
vigorous, hardy, rather productive. Fruit large to very large, 
rather dark red, soft, sweet, good in flavor and quality. Too soft 
for shipping any distance. 
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Naomi.—(Chas. Carpenter, Kelley Island, O.) Originated in 
the garden of Governor Wood, Cleveland, Ohio, and introduced 
by Mr. Carpenter. Plants moderately vigorous to vigorous, pro- 
ducing few suckers, foilage rather dark green, winter injury from Io 
to 75 per ct. for the past five years. Fruit above medium to large, 
grains rather large, attractive red color, rather soft, nearly sweet 
when fully ripe, pleasant flavor, fair to good in quality. Inferior 
to standard varieties. 

Orange: Brinckle’s Orange.—An old yellow raspberry that has 
been received from various sources for testing. Plants not vig- 
orous, dwarfish, slender, winter injury from Io to 8o per ct. for the 
past four years, usually unproductive on account of winter injury. 
Fruit above medium to large, slightly lighter in color than Caroline, 
grains above medium size, very soft, good to very good in flavor 
and quality. One of the best in quality of the yellow raspberries 
but too soft for shipping, and requires winter protection in this 
locality. 

Perpetuelle de Billard.—Plants from France, received from the 
Department of Agriculture, Washington, D. C., for testing. Plants 
moderately vigorous, hardy, moderately productive. Fruit large to 
very large, soft, attractive red color, good in flavor and quality. 
Undesirable. 

Pride of Geneva.—(H. Loomis, Geneva, N. Y.) An old variety 
said to have been brought to this country by an English gardener 
many years ago. Disseminated by Steele Bros., Geneva, N. Y., 
under the present name. Plants moderately vigorous, hardy, 
moderately productive. Fruit medium size, grains coarse, mod- 
erately firm, slightly acid, quality fair. Inferior to standard 
varieties. | 

Pride of Kent.— (R. S. Edwards, Highland, Colo.) Said to 
have originated over fifteen years ago by Mr. Fallstaff, of Kent, 
England. Plants moderately vigorous to vigorous, canes rather 
large, stocky, winter injury varied from o to 75 per ct. for the 
past five years, only moderately productive. Fruit variable in size 
ranging from below medium to large, of good red color, moderately 
firm or rather soft, good in flavor and quality. Not equal to stan- 
dard varieties and not firm enough for a good commercial kind. 
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4-Saisons.—Plants from France, received for testing from the 
Department of Agriculture, Washington, D. C. Plants moderately 
vigorous, hardy, not very productive. Fruit medium or below in 
size, firm, rather dark red, fair flavor and quality. Inferior to 
standard kinds. : 

Superlative.—(Ellwanger & Barry, Rochester, N. Y.) Plants 
dwarfish with rather slender canes, winter injury varied from o to 
75 per ct. during the past six years, not very productive. Fruit 
above medium to very large, attractive red, rather soft, good to very 
good in flavor and quality. An old variety of good quality, but 
the plants are rather tender, unproductive and the fruit too soft 
for shipping any long distance. 

Surpasse Falstoff.—Plants from France, received for testing 
from the Department of Agriculture, Washington, D. C. Bushes 
moderately vigorous, hardy, moderately productive. Fruit large, 
light red, rather soft, lacking in both flavor and quality. Appears to 
be undesirable. 

Surpasse Merveille.— Plants from France, received from the De- 
partment of Agriculture, Washington, D. C., for testing. Bushes 
hardy, vigorous, productive. Fruit medium to above, moderately 
firm, good in flavor and quality. Fruit drops rapidly in size as the 
season advances, and does not appear to be equal to standard kinds. 

Surprise D’Automne.—Plants from France, received for test- 
ing from the Department of Agriculture, Washington, D. C., in 
1899. Bushes moderately vigorous, hardy, moderately productive. 
Berries medium to below in size, moderately firm, only moderately 
attractive yellowish color. Not equal to standard varieties in flavor 
or quality. 

Talbot.—(M. J. Ellis, Norwood, Mass.) A seedling discovered 
in the garden of Mr. J. W. Talbot, Norwood, Mass., about 1888. 
Plants vigorous, healthy, usually hardy, moderately productive to 
productive. Fruit medium to large, attractive red color, rather 
soft, grains large, juicy, mildly acid, good in flavor and quality. 
Inferior to such standard kinds as Cuthbert, Marlboro or Loudon. 
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BURPLE RASER Bigatti: 
(Rubus neglectus.) 


Varieties of this type are intermediate in character between red 
raspberries and black raspberries. They are supposed to be hybrids 
between these two species. They show all gradations in habit be- 
tween the two parent types, some being propagated by suckers, 
others by tips, and still others by either tips or suckers. The color 
of the fruit is usually a light or dark purple. Of the varieties 
described, only two, Columbian and Shaffer, at the present time 
appear to have any commercial value. Haymaker promises to be 
productive and firm but the fruit does not average as large as that 
of Columbian or Shaffer. 

The purple raspberries are unexcelled for canning purposes, 
being superior in flavor and quality to the red raspberries, but the 
unattractive purplish color is a great drawback to their sale and in 
many markets they are sold only in limited quantities unless their 
real value is fully known. 


DESCRIPTION OF VARIETIES. 


Caroline.—An old variety received at this Station for testing 
from various sources. Originated over twenty-five years ago by 
S. P. Carpenter, New Rochelle, N. Y., and is supposed to be a 
seedling of the Orange crossed by a Golden Cap. Plants vigorous, 
numerous, upright, canes light colored, stocky, covered with very 
few prickles, foliage rather dark green, hardy, very productive. 
Fruit medium size, of orange-pink color deepening to salmon tinge 
when fully ripe, juicy, soft, very good in flavor and quality. One 
of the best light-colored raspberries. May be propagated either by 
suckers or by tips. The season of fruiting is somewhat longer than 
with most varieties. On account of color and softness, is not of 
much commercial value but ranks so high in flavor and quality 
that it is a universal favorite for home use where a berry of this 
type is desired. 

Columbian.— (J. T. Thompson, Oneida, N. Y.) This variety 
was propagated and introduced by Mr. Thompson about twenty 
years ago. A seedling of the Cuthbert grown near a Gregg rasp- 
berry, and believed to be a hybrid between these two varieties. 


New York AGRICULTURAL EXPERIMENT STATION. 427 


Plants very vigorous, healthy, canes larger, more vigorous and 
slightly yellower than those of Shaffer, hardy or nearly so, very 
productive. Fruit above medium to very large, moderately juicy, 
firm, nearly sweet, slightly darker purple than Shaffer, good to 
very good in flavor and quality. The Columbian and Shaffer are 
two of the best purple varieties grown for commercial purposes, 
and in some places it has been claimed that they are identical. The 
two varieties have been grown side by side for a number of years 
on the Station grounds, and although they have many similar 
characteristics, they appear to be distinct both in the size and color 
of the canes and in the average size, color and firmness of the 
berries. The fruit of Columbian averages slightly smaller than that 
of Shaffer, is firmer, and hangs to the bushes better than does that 
variety. The principal objection to this class of fruit for com- 
mercial purposes is the unattractive color, although when canned it 
is superior to the red varieties both in flavor and in quality. 

Haymaker.—(A. O. Haymaker, Earlville, O.) Originated and 
introduced by Mr. Haymaker a few years ago who found it grow- 
ing on his farm. Received at this Station for testing in IgolI. 
Plants moderately vigorous to vigorous, healthy, winter injury from 
5 to 15 per ct. during the past four years, productive. Fruit medium 
to large, averaging smaller in size than Shaffer or Columbian, re- 
sembling a black raspberry in shape, color light and dark purple, 
presenting a rather unattractive appearance, firm, not equal to 
Columbian or Shaffer in flavor or quality. Requires further testing 
to fully determine its value, but up to the present time appears to be 
rather inferior to either Shaffer or Columbian. 

Morrison Seedling.— (J. P. Morrison, Forestville, N. Y.) Sent 
to this Station for testing in 1896 by Mr. Morrison, the originator. 
Plants vigorous, nearly hardy, moderately productive. Fruit small 
to medium, irregular in size, grains large, rather soft, fair in flavor 
and quality. Decidedly inferior to Shaffer or Columbian. 

Percy.—(J. Craig, Ottawa, Can.) Originated by William 
Saunders, London, Ont., as a hybrid between Gregg and Cuthbert. 
Plants moderately vigorous to vigorous, usually rather hardy, pro- 
ductive. Fruit medium to above, rather darker in color and softer 
than Shaffer, often inclined to crumble, not equal to Shaffer in 


428 Report oF THE HorricuULTURAL DEPARTMENT OF THE 


flavor or quality. Although earlier than Shaffer or Ch is 
not equal to those varieties for commercial purposes. 

Redfield.— (J. Wragg & Son, Waukee, Ia.) Said to be a 
hybrid which was originated by Wragg & Son, from whom plants 
were received for testing in 1895. Plants moderately vigorous to 
vigorous, usually rather hardy, moderately productive. Fruit small 
to medium, dull unattractive purple, moderately firm, fair to good 
flavor and quality. Decidedly’ inferior to Columbian or Shaffer. 

Sarah.—(J. Craig, Ottawa, Can.) A seedling of Shaffer origi- 
nated by William Saunders, London, Ont. Received at this Station 
for testing in the Spring of 1896. Plants very vigorous, usually 
hardy, only moderately productive. Fruit medium or above, rather 
unattractive reddish purple, rather soft, fair to good in flavor and 
quality. Not equal to Columbian or Shaffer in productiveness, size, 
or quality. 

Shaffer: Shaffer’s Colossal—An old variety received - from 
various sources for testing at this Station. Originated by Geo. 
Shaffer, Scottsville, N. Y., about 1871, and introduced by Chas. 
A. Green, Rochester, N. Y. Plants slightly less vigorous and canes 
a little darker and smaller than Columbian, hardy or nearly so, 
productive but not quite so heavy a yielder as Columbian. Fruit 
averages slightly larger than that of Columbian, slightly softer, with 
a lighter purple tinge and slightly more acid.in flavor, ranking 
good to very good in flavor and quality. This is one of the best 
of the purple raspberries, and is highly esteemed for canning. 

Superb.— (J. T. Lovett & Co., Little Silver, N. J.) Origi- 
nated with J. Churchman, Burlington, N. J., over thirty years ago. 
Plants semi-dwarf or only moderately vigorous, usually hardy, not 
very productive. Fruit medium to large, moderately firm, rather 
dark red, grains above medium, good in flavor and quality. Too 
variable in size and not productive enough for a good commercial 
sort. 

Teletaugh.— (J. F. Street, West Middleton, Ind.) Origi- 
nated with Mr. Street, who states that it is a hybrid produced by 
crossing Shaffer with Gregg. Plants moderately vigorous, moderate 
amount of winter injury, moderately productive. Fruit medium to 
below, grains large, moderately firm, rather unattractive dark 
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purple, often inclined to crumble, fair in flavor and quality. Not 
equal to Shaffer. 

Wallace.—(T. G. Wallace, Atlantic, Ia.) Originated with 
Mr. Wallace. Received for testing in 1898. Plants moderately 
vigorous to vigorous, winter injury from o to 25 per ct. for three 
years, productive. Fruit below medium to above medium, rather 
unattractive dull reddish purple, only moderately firm, more dcid 
than Columbian or Shaffer, fair flavor and quality. So far as 
tested at this Station is not equal to standard purple varieties. 


BLACK RASPBERRIES. 


(Rubus occidentalis.) 


NOTES ON VARIETIES. 


Hardiness.— During the past five years the winter injury to 
most of the varieties was not due so much to their lack of hardiness 
as it was to the weakened condition caused by the destructive work 
of the fungus disease, anthracnose, already referred to on page 416 
For this reason lists are not given although the average rating in 
regard to winter injury is in most cases recorded in the description 
of each variety. 

Earliness— The season of black raspberries is considerably 
shorter than that of the red varieties, a larger percentage of the 
crop being usually secured at each picking. The following lists 
indicate the varieties which begin to ripen early and those which 
give good yields late in the season. 


EARLY. LATE. 
Eureka, Mills, 
Hopkins, Onondaga, 
Mohler, Palmer,* 
Palmer,* Pioneer. 


Poscharsky No. 9, 


Desirable kinds.— The following list includes the varieties which 
have made a good record at this Station for several years and which 
can be recommended for trial where they have not already been 
tested. During some years, however, the best of these kinds were 


*Unusually long season. 
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severely injured by anthracnose. It appears desirable to depend 
upon new plantations, as already indicated, rather than to look for 
anthracnose-proof kinds, although such varieties would be a great 
boon to the fruit grower, and possibly by careful selection and 
breeding, sorts immune to anthracnose may be developed. 


Black Diamond,** Hilborn, Mohler, 
Cumberland, Lawrence, Onondaga, 
Eureka, Livingston, Palmer. 


Gregg, Mills, 


DESCRIPTION OF VARIETIES. 


Beyer.— (Hugo Beyer, New London, Ia.) This is an lowa 
seedling introduced by Mr. Beyer, and received for testing at this 
Station in 1904, fruiting for the first time in 1905. Plants moder- 
ately vigorous, apparently healthy although the foliage is rather 
light green or faintly tinged with yellow. Blossoms clustered at 
the ends of the shoots, and also for some distance towards the base 
of the shoots. Ripe berries and blossoms found on the same canes. 
Fruit below medium to medium, firm, seedy, not very juicy, rather 
acid, possibly good in flavor and quality. The claim is made that all 
of the canes should be cut down at the close of each season, the fruit 
being borne on the current year’s growth. Requires further testing 
to fully determine its value but up to the present time has shown 
very few desirable characters. . 

Bishop.—(B. F. Smith, Lawrence, Kan.) Received at this 
Station for testing in 1897. Plants vigorous, healthy, nearly hardy, 
not very productive. Fruit averages medium to above, firm, rather 
dull unattractive color, covered with considerable bloom, rather 
seedy, moderately juicy, fair to good in flavor and quality. Not 
equal to standard varieties. 

Black Diamond.—(C. W. Stuart & Co., Newark, N. Y.) In- 
troduced by Stuart & Co., about ten years ago. Plants vigorous, 
nearly hardy, productive. Fruit variable in size, below medium 
to large, moderately firm, nearly sweet, good black color, fair qual- 
ity. During the past few years this variety has made a poor show- 
ing at this Station. As it has made a very good record in other 


**See description. 
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localities in Western New York, it appears to be worthy of further 
testing before being discarded. 

Cumberland.—(Ellwanger & Barry, Rochester, N. Y.) Origi- 
nated a number of years ago by David Miller, Harrisburg, Pa. 
Origin doubtful but supposed to be a seedling of Gregg. Plants 
vigorous, only a moderate amount of winter injury during the 
past four years, usually productive. Fruit medium to large, attrac- 
tive black color, juicy, rather sweet when fully ripe, firm, good to 
very good in flavor and quality. One of the most desirable kinds 
for commercial purposes. 

Eureka.—(W. N. Scarff, New Carlyle, O.) Said to have been 
found growing wild on the farm of Jacob Smith, Miami Co., Ohio. 
Plants moderately vigorous, winter injury varied from 15 to 25 
per ct. during the past three years, usually productive. Fruit me- 
dium to very large, attractive black color, grains medium size, firm, 
sweet, mild, fair to good in flavor and quality. This is a standard 
variety in many localities, and is one of the early fruiting desirable 
kinds for commercial purposes. 

Gregg.— An old variety received from various sources for test- 
ing at this Station. Found growing wild on the Gregg farm, Ohio 
Co., Ind., in 1866. Plants vigorous, moderately hardy, moderately 
productive to productive. Fruit above medium to very large, attract- 
ive black color, firm, rather sweet when fully ripe, good to very good 
in flavor and quality. An old standard sort valuable on account 
of its size and quality, although not as productive as some other 
varieties. 

Hallock No. 1.—(N. Hallock, Queens, N. Y.) Received for test- 
ing in 1898. Plants rather weak growers, canes slender, moderate 
amount of winter injury. Fruit medium or below, moderately firm, 
slightly acid, fair quality. Not equal to standard kinds. 

Hilborn.—(F. R. Palmer & Son, Mansfield, O.) A chance 
seedling originating on the grounds of W. W. Hilborn over twenty- 
five years ago. Plants vigorous to very vigorous, healthy, nearly 
hardy, productive. Fruit medium to large, firm, sweet, good to 
very good in flavor and quality. Has many qualities that commend 
it for commercial planting. 

Hopkins.—(A. M. Purdy, Palmyra, N. Y.) A seedling found 
near Kansas City, Mo., in 1872 and introduced by Frank Holsinger, 
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Rosedale, Kan. Plants moderately vigorous, usually rather hardy, 
moderately productive. Fruit above medium to very large, nearly 
firm, grains medium size, attractive black color, sweet, good in flavor 
and quality. An old variety which has made a fair showing in some 
parts of the State, but is not as productive as some other varieties. 

Kansas.— (A. H. Griesa, Lawrence, Kan.) A chance seedling 
originated by Mr. Griesa in 1884. Plants moderately vigorous, 
winter injury varied from 5 to 25 per ct. during the past five 
years, productive. Berries variable in size, medium to very 
large, good black color, grains medium size, sometimes inclined 
to crumble, rather seedy, moderately juicy, firm, mild, good flavor 
and quality. Has been tested for a number of years at this Station 
but has not made as good a record as some of the other black 
raspberries. 

Lawrence.—(A. H. Griesa, Lawrence, Kan.) Originated by 
Mr. Griesa. Plants. vigorous, nearly hardy, productive. Fruit 
above medium to large, moderately firm, attractive black color, 
fair to good in flavor and quality. Has many points that commend 
it for commercial purposes but is slightly lacking in quality. 

Livingston.—(C. W. Middleton, Utica, Mo.) A seedling that 
is supposed to be a cross between Gregg and Tyler. Plants vigor- 
ous to very vigorous, winter injury from Io to 15 per ct. during 
the last three years, productive. Fruit medium to large, grains 
medium size, attractive black color, firm, mild, good in flavor and 
quality. The variety has made a good showing at this Station and 
appears to be worthy of more extended trial. 

Lovett.—(J. T Lovett, Little Silver, N. J.) Originated by 
Mr. Ezra Wood, Jefferson County, Ind., and introduced in 1891 by 
Lovett & Co. Plants moderately vigorous, canes rather slender, 
slight amount of winter injury, moderately productive to rather 
productive. Fruit medium to large, attractive black color, mod- 
erately firm, sweet, fair to good flavor and quality. Although this 
variety has many desirable qualities, it does not appear to be any 
improvement on standard kinds. 

Manwaring No. 1.--(C. H. Manwaring, Lawrence, Kan.) A 
seedling of an unknown parentage originated by Mr. Manwaring. 
plants moderately vigorous, canes rather slender, dwarfish, usually 
hardy, moderately productive. Fruit small to medium, attractive 
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black color, moderately firm, mild subacid, lacking in flavor and 
quality. Does not appear to be desirable. 

Mills.—(Charles Mills, Fairmount, N.Y.) <A _ seedling of 
Gregg crossed by Tyler, originating with Mr. Mills. Plants vig- 
orous to very vigorous, winter injury from o to 15 per ct. for the 
past four years, productive. Fruit above medium to large, firm, 
rather dull black with considerable bloom; good flavor and quality. 
A desirable kind for commercial purposes. 

Mohler.— (D. M. Mohler & Co., New Paris, O.) Originated 
as a seedling of Eureka by Mr. Mohler. This variety was quite fully 
described in the annual reports of this Station for 1894 and 1895, 
and appeared at that time to be worthy of extended trial on account 
of its size and productiveness. It has continued to make a good 
record at this station, and is considered worthy of testing where 
it has not yet been tried. It ranks among the earliest ripening 
varieties. 

Ohio.— An old well known variety received from various sources 
for testing at this Station. Fifteen years ago this was one of the 
most popular of commercial varieties, but it is being sttperseded 
by better kinds. It is still being grown, however, in certain parts of 
the State for drying purposes. 

Older.—An old variety received from various sources for test- 
ing at this Station. Found growing wild in the garden of Mr. 
Older, Independence, Ia, in 1872, and introduced by L. K. Ballard, 
Warren, Ill. Plants vigorous, moderate amount of winter injury, 
moderately productive. Fruit variable in size, ranging from medium 
to large, moderately’ firm, moderately juicy, slightly acid, good 
flavor and quality. Hardly equal to such varieties as Mills or 
Cumberland. 

Onondaga.—(Charles Mills, Fairmount, N. Y.) A seedling of 
Gregg crossed by Tyler, originating in 1884 with Mr. Mills. Plants 
vigorous to vigorous, winter injury from 0 to 15 per ct. during the 
past five years, productive to moderately productive. Fruit large, of 
attractive black color, firm or nearly so, good flavor and quality. ‘Uhis 
variety has many good points which commend it for commercial 


purposes. 
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Palmer.—This variety has been received from various sources 
for testing at this Station during the past twelve years. Originated 
by F. L. Palmer, Mansfield, Ohio, and introduced in 1888. Plants 
moderately vigorous to vigorous, winter injury from o to 50 per ct. 
during the past five years, moderately productive. Fruit medium 
to above, rather dull black, firm, grains medium to below, nearly 
sweet, good in flavor and quality. Although the berries lack some- 
what in size, and the plants in productiveness, it is nevertheless 
considered valuable in many localities on account of its earliness. 
It is one of the first of the black raspberries to ripen. 

Perpetual King.—(Columbian Grape Co., Kingston, O.) Re- 
ceived for testing at this Station in 1897. Plants not vigorous, 
dwarfish, canes thickly covered with prickles and often covered with 
bluish bloom, rather tender, not productive. Fruit medium to large, 
rather unattractive black, moderately iirm, slightly acid, iair quality. 
Undesirable. 

Poscharsky No. 9—(F. W. Poscharsky, Princeton, Ill.) This 
seedling which originated with Mr. Poscharsky, has been, tested 
here for a number of years. Plants moderately vigorous, rather 
weak canes, rathre hardy, moderately productive. Fruit variihle 
in size, ranging from small to nearly large, grains small and com- 
pact, moderately firm, good black color, rather acid, fair to good in 
quality. Undesirable. 

Rowena.—(J. P. Stahelin, Bridgman, Mich.) An accidental 
seedling found by Mr. Stahelin, from whom the plants were re- 
ceived in 1897. Plants vigorous to very vigorous, usually rather 
hardy, rather productive. Fruit below medium to nearly large, 
rather dull black with considerable bloom, firm, grains medium size, 
fair to good flavor and quality. Inferior to standard kinds. 

Townsend No. 2.— (G. Townsend, Gordon, O.) Originated from 
seed of Gregg by Mr. Townsend. Plants vigorous to very vigorous, 
usually hardy, rather productive. Fruit medium to large, not par- 
ticularly attractive in color on account of heavy bloom, grains 
medium to above, firm, sometimes inclined to crumble, somewhat 
seedy, sweet, good flavor and quality. Inferior to standard kinds. 
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BLACKBERRIES. 


NOTES ON VARIETIES. 

Hlardiness.— Blackberry culture is of comparatively little im- 
portance in New York. Blackberry growing largely resolves itselt 
into an effort to grow only those kinds fairly hardy under New 
York conditions. It is probable that in a few sections of the State 
winter protection of a few desirable kinds would prove profitable, 
as several most excellent sorts are somewhat tender. The following 
is a list of the hardy and tender sorts. Observations were made 
for several years; the list of hardy sorts includes those not injured 
over 25 per ct.; the list of tender ones, those injured severely, in 
some cases as high as go per ct. 


Harpy or NEARLY SO. Not Harpy. 
Agawam, Allen, Florence, 
Ancient Briton, Black Chief, Ida, 
Chautauqua, Bow Cane, Kittatinny, 
Eldorado, Childs Tree, Lovett, 
Fruitland, Clark: Mersereau, 
New Rochelle, Clifton, Minnewaski, 
Ohmer, Dorchester, Rathbun, 
Snyder, Early Harvest, Reyner, 
Stone Hardy, Early King, Success, 
Taylor, Early Mammoth, Wilson Jr. 
Tyler, 
Wachusett, | 


Earliness— The time of fruiting varies so much that no very 
satisfactory list as to season can be given. Some varieties have 
a long season, others ripen early or late, depending on character 
of soil and exposue. The following is a list of those varieties from 
which fruit was picked early in the season and those giving good 
yields near the close of the season. 


Earty. LATE. 
Agawam,* Agawam,* 
Allen, Ancient Briton, 
Early Harvest, Chautauqua, 
Early King, Childs Tree, 
Eldorado, Florence, 
Minnewaski, Mersereau, 
Rathbun, Ohmer, 
Wilson Jr., | Success, 

Taylor, 
Tyler. 


*Long season. 
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Desirable kinds— Not all of the varieties in the following list 
are hardy nor is the fruit of some of the kinds very large. The 
varieties, however, have made good records for several years in 
some parts of the State and are worthy of consideration although 
it cannot be expected that very many of them will be entirely satis- 
factory in the same locality. 


Agawam, Minnewaski, 

Ancient Briton, New Rochelle, 

Chautauqua, Ohmer, 

Early Harvest, Rathbun, - 
Eldorado, Snyder, 

Kittatinny, Success. 

Mersereau, 


THE EONG-CLUSTER BLACK BE RIM iiss: 


(Rubus ngrobaccus.) 


DESCRIPTION OF VARIETIES. 


Allen.—(W. B. K. Johnson, Allentown, Pa.) Received at this 
Station for testing in 1900. Plants moderately vigorous, rather 
dwarf, winter injury varying from 5 per ct. to 75 per ct. during the 
past four years, rather productive. Fruit rather small, elongated, 
good attractive black color, firm, mild in flavor when fully ripe, 
good quality. In appearance the fruit closely resembles Early 
Harvest and is fully as early in its season of ripening. So far as 
tested at this Station does not appear to be very hardy, and on 
account of dwarf habit of growth is not as productive as some of 
the taller-growing standard varieties. 

Ancient Briton.—(Ellwanger & Barry, Rochester, N. Y.) An 
old, well-known variety which was first brought to notice in Wis- 
consin. It is said to have been brough to this country from Great 
Britain about fifty years ago. Plants moderately vigorous to vigor- 
ous, stocky, with an abundance of large prickles, winter injury from 
o to 25 per ct. during the past five years, productive to very pro- 
ductive. Fruit medium to above, possibly averaging slightly below 
Agawam but larger than Snyder, slightly elongated, good black 
color, mild when fully ripe, good to very good in flavor and quality. 
Somewhat resembles the Agawam in size, color and quality and is 
considered a standard berry for commercial purposes. 


New York AGRICULTURAL EXPERIMENT STATION. 437 


Chautauqua.— (K. E. Downer, Forestville, N. Y.) Plants of 
this variety were received for testing in the spring of 1903, fruit- 
ing for the first time in 1905. Winter injury from 5 to Io per ct. 
during the past two years. Plants vigorous, stocky, rather produc- 
tive. Fruit large, inclined to roundish, attractive black color, grains 
large, rather agreeable acid when fully ripe, good flavor and quality. 
Has not yet been sufficiently tested to determine its value but 
appears to be promising. 

Clark.— (M. Crawford Co., Cuyahoga Falls, O.) Received at 
this Station for testing in the spring of 1897. Plants vigorous, 
making a very satisfactory growth, winter injury from 0 to 50 per 
ct. during the past five years, moderately productive to rather pro- 
ductive. Fruit late in ripening, below medium to above medium 
in size, nearly round to slightly elongated, moderately acid, rather 
soft, no more than good in flavor and quality. Does not appear 
to be as valuable as standard varieties like Agawam, Mersereau, 
etc., as the fruit is variable both in size and shape while the color 
is rather unattractive dull black. 

Eldorado.—(Birdseye & Son, Stanley, N. Y.) A chance seed- 
ling found near Eldorado, Ohio, and introduced about 1882. Plants 
have been received from various places for testing. Moderately 
vigorous to vigorous with numerous large prickles, moderately pro- 
ductive to productive. Appears to be one of the hardiest at this 
Station averaging in 6 years from 5 to 25 per ct. winter injury 
with no injury during four years. Fruit medium to large, roundish 
to slightly elongated, sweet, juicy, good color, mild when fully ripe, 
fair to good in flavor and quality. Has made a good record in many 
parts of the State as a commercial variety. 

Florence.—(G. E. Goldsmith, Unionville, N. Y.) A seedling 
of unknown parentage found by Mr. Goldsmith in 1895. Received 
at this Station for testing in the spring of 1902, fruiting for the 
first time in 1904. Growth rather vigorous, winter injury varied 
from I5 to 75 per ct. during the past two years, appears rather pro- 
ductive. Fruit variable in size, medium to very large, usually 
roundish, sometimes slightly elongated, rather attractive color, 
grains rather large, juicy, not a mild berry even when fully ripe, 
possibly good but not high in flavor or quality. Has not yet been 
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sufficiently tested at this Station to determine its value but appears 
to be rather tender in this locality. 

Ohmer.—(N. H. Albaugh, Tadmore, O.) Introduced over ten 
years ago by E. Y. Teas, Irvington, Ind. Plants moderately vig- 
orous, canes rather large with but few prickles, winter injury from 
Io to 20 per ct. during the past three years, moderately productive. 
Fruit above medium, roundish, grains large, juicy, rather acid even 
when fully ripe, good flavor and quality. Although not as pro- 
ductive as some varieties, has made a fairly good record at this 
Station, 

Reyner.—(S. R. Alexander, Bellefontaine, O.) Plants vigor- 
ous, healthy, canes large, tinged with green, covered with few 
prickles, winter injury from io to 30 per ct. during the past three 
years, not very productive. Fruit medium to above, roundish or 
slightly elongated, grains large, rather sweet when fully ripe, good 
flavor and quality. As fruited at this Station, hardly productive 
enough to be a good commercial variety. 

Taylor.—An old variety received from several sources for 
testing at this Station. Said to have originated in Indiana over 
twenty years ago. Plants vigorous to very vigorous, canes pale 
green with slight tinge of red and covered with numerous slender 
prickles, usually hardy, not very productive. Fruit small to 
medium, usually slightly elongated, rather sweet when fully ripe, 
very good flavor and quality. Ripens about two weeks later than 
Snyder. Although of excellent quality and hardy, is not as pro- 
ductive as Snyder and does not appear to be as desirable for this 
locality as some of the other well known varieties. 

Wachusett.—An old variety which has never become very 
popular in this State. Said to be one of the most hardy varieties ; 
found growing wild on Mt. Wachusett. Plants moderately vig- 
orous, canes medium size, purplish red when fully mature, cov- 
ered with small scattering prickles, hardy, usually not productive. 
Fruit small to medium, roundish or slightly elongated, juicy, sweet, 
good flavor and quality. Is not productive enough to be of much 
value in this section. 
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THE SHORT-CLUSTER BLACKBERRIES. 


(Rubus nigrobaccus, var. sativus.) 


DESCRIPTION OF VARIETIES. 

Agawam.—(From bed in Station grounds.) A wilding found 
in a pasture between 1865 and 1870 by John Perkins, Ipswich, 
Mass. Plants vigorous to very vigorous, above medium to tall, 
stout, numerous, prickles comparatively few and small, winter 
injury from o to 25 per ct. during the past five years, very pro- 
ductive. Fruit above medium to medium, usually slightly elongated, 
attractive bright black color, mild when fully ripe, good to very 
good in flavor and quality. This is a well known standard variety 
which has made a good record commercially in many places. 
Although the fruit is not of the largest size it is of excellent color, 
desirable flavor and quality, averages larger than Snyder, is very 
productive and ships well. 

Black Chief.—(J. H. Haynes, Delphi, Ind.) Plants very vig- 
orous, greenish, with numerous small prickles, unproductive ; winter 
injury varying from Io to 85 per ct. during the past five years. 
Fruit medium size, roundish, grains medium, very mild, sweet when 
fully ripe, good flavor and quality. Appears to have but little 
value in this section as the canes are not hardy and the plants are 
rather unproductive. 

Fruitland—(W. N. Scarff, New Carlyle, O.) Plants vigorous 
to very vigorous, upright, canes tinged with greenish red, with 
moderately numerous prickles; winter injury varied from Io to 25 
per ct. for the past three years, not productive. Fruit medium, 
roundish, grains variable in size, rather sweet, good to very good 
flavor and quality. Not equal to standard varieties. 

Kittatinny.—(Slaymaker & Son, Dover, Del.) Said to be a 
seedling found in the Kittatinny Mountains, Warren Co., N. J. 
Plants moderately vigorous to rather vigorous, canes reddish color 
when mature, covered with many large prickles, winter injury 
varied from 5 to 4o per ct. during the past four years, usually 
only moderately productive on account of winter injury to canes. 
Frequently attacked by orange rust. Fruit above medium to large, 
usually slightly elongated, attractive black color, juicy, agreeably 
mild when fully ripe, good to very good in flavor and quality. One 
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of the oldest varieties, and of considerable value commercially in 
sections where it is not injured by the winter and when not attacked 
by orange rust. Is not considered very hardy in Western New 
York. 

Lovett.—(J. T. Lovett, Little Silver, N. J.) Plants vigorous 
to very vigorous, canes upright, covered with numerous, rather 
large prickles, winter injury varied from o to 50 per ct. during 
the past four years, unproductive. Fruit small to medium, nearly 
sweet when fully ripe, grains variable, good flavor and quality. Not 
equal to standard varieties. 

Mersereau.—(J. W. Mersereau, Cayuga, N. Y.) Said to bea 
seedling of Snyder found by Mr. Mersereau, growing among his 
Snyder bushes over twelve years ago. Plants vigorous to very 
vigorous, healthy, canes medium size, with moderate amount of 
prickles, winter injury varied from 5 to 50 per ct. during the past 
five years, averaging only 5 per ct., however, for three years; 
productive. Fruit usually above medium to large, roundish to 
slightly elongated, attractive black color, medium sized grains, juicy, 
mildly sweet when fully ripe, rather sprightly, good flavor and 
quality. Has made a good record in many parts of the State and 
is already being grown commercially in many places. Generally 
considered one of the most desirable kinds, and is certainly worthy 
of trial where it has not yet been tested. 

Minnewaski.—Plants have been received and tested from 
various sources. Originated over twenty-two years ago by A. J. 
Caywood & Son, Marlboro, N. Y., and is a cross of Kittatinny and 
a wild blackberry. Plants moderately vigorous to rather vigorous, 
canes usually slightly tinged with red, with numerous branches and 
thickly covered with prickles; winter injury varied from 15 to 50 
per ct. during the past five years; usually moderately productive 
when not injured by the winter. Fruit above medium to large, 
roundish to slightly elongated, sweet and juicy when fully ripe, 
good in flavor and quality. It is rather tender and largely on this 
account has never become very popular as a commercial variety. 

New Rochelle.—(Ellwanger & Barry, Rochester, N. Y.) This 
variety is known in some places as the Lawton. Said to be a wild- 
ing found by the roadside and introduced into the gardens of New 
Rochelle, N.Y. Described’ by FE. Pi Roé, New York) in 2a7cmas 
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an old and well known variety. Plants vigorous, canes stocky, cov- 
ered with numerous rather large prickles; winter injury varied 
from 10 to 25 per ct. during the past five years; moderately pro- 
ductive to productive. Fruit large to medium, usually slightly 
elongated, attractive black color, juicy, nearly sweet when fully 
ripe, good in flavor and quality. In some localities it is reported 
as rather tender, but has made a good record at this Station, the 
average winter injury for three years in succession being only 10 
Der-ct, 

Snyder.—An old variety, plants of which have been received 
from various sources for testing. A wilding found in Northern 
Indiana over fifty years ago. Plants vigorous to very vigorous, 
healthy, canes large, upright, covered with numerous large prickles, 
very little if any winter injury during the past five years, pro- 
ductive. Fruit medium to small, roundish, color often inclined to 
become unattractive unless berries are fully mature before picking, 
juicy, pleasant flavored, good quality. A valuable standard com- 
mercial variety grown in many places on account of its hardiness, 
although the berries are inclined to run rather small, and under 
unfavorable conditions the color becomes a dull brownish red. 

Stone Hardy.—(S. E. Hall, Cherry Valley, Ill.) Said to be 
a chance seedling found in Illinois, and introduced over twenty 
years ago. Plants moderately vigorous to rather vigorous, canes 
rather slender, upright, covered with numerous long prickles, hardy, 
productive. Fruit small to medium, averaging about the same as 
Snyder, roundish, juicy, nearly sweet, good in flavor and quality. 
Does not appear to be as popular as Snyder which variety it re- 
sembles in many respects. 

Success.—(L. W. Carr & Co., Erie, Pa.) Plants moderately 
vigorous, canes tinged with green and covered with numerous 
prickles, winter injury varied from o to 50 per ct. for the past 
five years, moderately productive to productive. Fruit variable in 
size, averaging above medium, grains medium size, roundish, juicy, 
good color, good in flavor and quality. Appears to be quite hardy 
when the canes are properly ripened, the average winter injury for 
three years being only 4 per ct. 
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Tyler.—(Birdseye & Son, Stanley, N. Y.) Plants vigorous to 
very vigorous, nearly hardy, the winter injury varying from oO 
to 5 per ct. for the past six years, moderately productive to pro- 
ductive. Fruit above medium to small, usually slightly elongated, 
variable both in size and shape, nearly sweet, fair to good in flavor 
and quality. In general appearance is not equal to such varieties 
as Agawam, Ancient Briton or Eldorado. It is, however, one of 
the hardiest varieties, but does not equal Snyder in productiveness. 

Clifton.*—(L. J. Clifton, Memphis, N. Y.) Plants received at 
this Station for testing in the spring of 1898. Moderately vigorous 
to vigorous, winter injury o to 50 per ct. during the past five years, 
rather productive. Fruit varies in size from small to large, attrac- 
tive black color, roundish to slightly elongated, agreeable acid, good 
flavor and quality. Appears to be worthy of testing if it will endure 
ordinary winter exposure, but it seems to be rather tender, 
as the average winter injury for the past two years was 50 per ct. 


THE LEAFY-CLUSTER: BLACKBERRIES, 
(Rubus argutus.) 


DESCRIPTION OF VARIETIES. 


Dorchester.—(Ellwanger & Barry, Rochester, N. Y.) An old 
well known variety originating in Dorchester, Mass., and intro- 
duced in 1850. Plants moderately vigorous to vigorous, upright, 
with numerous small prickles, winter injury from 10 to 50 per ct. 
during the past five years, productive. Fruit medium size, elong- 
ated, attractive black color, moderately sweet, good in flavor and 
quality but hardly equal to Agawam in flavor or productiveness. 

Early Harvest.—(Slaymaker & Son, Dover, Del.) This old 
variety is said to have originated in Southern Illinois. Plants mod- 
erately vigorous, tinged with red, covered with comparatively few, 
small prickles, winter injury varied from o to 75 per ct. for the 
past six years, moderately productive to rather productive. Fruit 
medium size, usually slightly elongated, good color, ,mild when 
fully ripe, very juicy, fair to good in flavor and quality. One of 
the earliest to ripen and is valuable only for this reason. 


*Species in doubt. 
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Early King.—(Ellwanger & Barry, Rochester, N. Y.) Fruited 
at this Station for a number of years. Plants moderately vigorous 
to vigorous, purplish when mature, canes of medium size, prickles 
long, numerous. Ripening about a week earlier than most varieties 
but rather unproductive as is usual with early varieties. Winter 
injury from 5 to 8o per ct. during the past five years. Fruit medium 
size, roundish or slightly oblong, usually attractive color, only fair 
to good in flavor and quality. 

Ida.—Received for testing at this Station in 1898 from Thomp- 
son Sons, Rio Vista, Va. A seedling of Early Harvest. Plants 
moderately vigorous, semi-dwarf, unproductive to rather produc- 
tive, winter injury from o to 75 per ct. for the past four years. Fruit 
medium size, elongated, rather dull black, not particularly attractive, 
juicy, fair in flavor and quality. So far as tested, is inferior to 
standard varieties at this Station. 


Jie LOOsE-GLUSTER BLACKBERRIES. 


(Rubus nigrobaccus x villosus.) 


DESCRIPTION OF VARIETIES. 

Bow Cane.*—( Broome Bros., McLoud, Okla.) Plants received 
at this Station for testing in 1900. Moderately vigorous, very 
dwarfish or trailing somewhat like a dewberry, winter injury varied 
from 10 to go per ct. during the past four years, unproductive. 
Fruit medium in size, unattractive in color, roundish to slightly 
elongated, grains large, rather acid, fair to good in flavor and 
quality. So far as tested at this Station does not appear to be 
valuable on account of unproductiveness, inferior quality and tend- 
ency to severe winter injury. 

Early Mammoth.—(Cleveland Nursery Co., Rio Vista, Va.) 
Said to be a hybrid between the blackberry and dewberry, and 
much resembles Wilson Jr. in habit of growth. Plants moderately 
vigorous, tinged with red, covered with numerous slender prickles, 
winter injury varied from 20 to 50 per ct. during the past three 
years, productive when not injured by winter. Fruit variable in 
size, ranging from small to very large, often imperfectly developed, 
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attractive bright color, usually slightly elongated, grains large, very 
juicy, rather tart when fully ripe, fair to good in flavor and quality. 
Appears to be too tender to be grown in this locality without winter 
protection. 

Rathbun.—(Slaymaker & Son, Dover, Del.) Plants received 
at this Station for testing in 1896. Bushes only moderately vigor- 
ous, only medium height, winter injury varied from 10 to go per 
ct. for the past six years, moderately productive when not severely 
injured by winter. Fruit medium to very large, usually slightly 
elongated, attractive black color, rather mild when fully ripe, fair 
to good in flavor and quality. Although the fruit is very desirable 
in size, the bushes are rather small and the amount of winter injury 
has been very severe in some years. Does not appear to be hardy 
enough for this locality. 

Wilson Jr.—(Birdseye & Son,’ Stanley,. Ni oY.)2 9 fhismad 
variety has been fruited for a number of years at this Station. It 
was originated by William Parry, Parry, N. J., in 1875, and it 1s said 
to be a seedling of Wilson Early. Plants intermediate between 
dewberries and blackberries with low habit of growth, moderately 
vigorous, canes with slight tinge of red, winter injury varied from 
o to 50 per ct. for the past five years, only moderately productive 
when not injured by the winter. Fruit variable in size, medium to 
very large, roundish to slightly elongated, grains large, sometimes 
imperfectly developed, very juicy, rather acid even when fully ripe, 
good to very good in flavor and quality. The habit of growth is 
not very desirable and the canes need winter protection in this 


locality. 
THE SAND BLACKBERRY. 


(Rubus cunetfolius.) 


DESCRIPTION OF VARIETIES. 

Childs Tree—(J..L. Childs, Floral Park, N. Y.) Plants 
numerous, rather slender, very dwarf, covered with many prickles, 
not productive, winter injury from 10 to 9o per ct. during the past 
four years. Fruit not uniform in size, ranging from small to 
above medium, roundish to slightly elongated, rather acid, not equal 
to standard kinds in flavor or quality. Plants have been tested at 
this Station since 1894 and appear to have no value in this locality. 
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CULTURAL: DIRECTIONS. 


Introduction.— In discussing the growing of these fruits the work 
is not taken up in detail to give full and explicit directions, but 
attention is briefly called to some of the most important subjects 
connected with the successful growing of the crop. The details 
will vary to suit the different conditions under which the plants 
may be grown. 

Soil.— Raspberries and blackberries are nearly as cosmopolitan 
as strawberries in regard to adaptation to soils. Deep moderately 
sandy loams or clay loams containing an abundance of humus 
usually give best results with raspberries, while blackberries are 
often at their best on a slightly heavier soil. It is important that 
the soil be not too wet as this condiion often increases the amount 
of winter injury. 

Fertiligers—— There is no one brand of fertilizers best suited to 
raspberries and blackberries under all conditions. The kind of 
plant food to use depends largely on the amount and kind al- 
ready in the soil and also somewhat on its physical condition. 
Some soils lack nitrogen, others potash or phosphoric acid and 
many are deficient in humus which not only supplies plant food 
but also aids greatly in the retention of moisture. Stable manure 
and cover crops are available for supplying humus. Care must 
be used in making applications’ of nitrogenous fertilizers or the 
resulting growth will not mature, a condition which may cause 
severe winter injury. If the soil is already rich in humus, it 
would appear desirable in some cases to avoid the use of stable 
manure, using commercial fertilizers in its place. Wood ashes, 
muriate of potash, acid phosphate, etc., are valuable where needed. 
The best way to determine the kind and amount to use is by trial, 
leaving check rows for comparison. 

Preparation of land.— Raspberries and blackberries, unlike straw- 
berries, occupy the soil for a number of years, and for this 
reason the preparation should be very thorough. If too wet the 
land should be underdrained. If for one or two years preceding, 
hoed crops have been used, there will be fewer weeds to fight. 
The land should be well plowed and thoroughly fitted to receive 
the plants. 
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_ Selection of varieties— Plant mainly only those kinds that 
appear to succeed in the immediate locality, testing newer ones 
in a small way. ‘The varities best suited for one set of conditions 
may be failures elsewhere. In another part of this bulletin are 
given lists of varieties found desirable in many parts of the State 
but it cannot be expected that all will do equally well in the same 
locality. 

Propagation and selection of plants——lRed raspberries are 
usually propagated by transplanting the numerous suckers which 
come up freely around the original hills. Black raspberries are 
increased by rooting the tips of the nearly mature canes in late 
August or early September. The ends of the canes are covered 
lightly with earth, and by late fall a large mass of fibrous roots 
will be formed with a well developed crown. Varieties of purple 
raspberries are hybrids, produced by crossing red and black rasp- 
berries, and some of them may be propagated either by using 
suckers or by rooting the tips of the canes. Blackberries do not 
sucker as freely as the red raspberries. ‘These suckers have but 
few fibrous roots and as a rule do not make such good plants as 
those started from cuttings of the blackberry roots. The roots 
may be dug in the fall, cut into two or three inch lengths, stratified 
over winter and sown in nursery rows in the spring and most 
excellent plants are usually obtained after one season’s growth. 
Only strong healthy plants should be selected, and it is often an 
advantage to choose these from a younger plantation rather than 
from an old-bed the plants of which may have deteriorated in 
vigor and may be infested with various insects and diseases. 

Setting the plants Blackberries and red raspberries may be 
set either in the fall or in the early spring. If set in late Octo- 
ber or early November the rows should be plowed up to, making 
a back furrow along each row of plants. ‘This will be a great 
protection against winter injury. ‘The earth should be taken 
away from the hills as soon as the ground is in working order in 
early spring. Such plants, as a rule, start into growth earlier 
than those set in the spring. These plants should be set as deep, 
or slightly deeper, than they were in the original beds. Black 
raspberry plants and the purple kinds rooted from the cane tips 
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should be set in the spring instead of the fall, not covering the 
crown too deeply, and spreading the roots in a circle about the 
center of the crown. It is an advantage to set the plants in the 
bottom of a shallow furrow, filling in as the plants develop. Under 
these conditions they withstand drought better and the canes are 
not so easily blown over by the wind. 

The distance apart of rows and of plants depends on the system 
of cultivation, the varieties, the natural richness of the ground 
and the location. In general the plants should not be crowded, 
Red raspberries may be set closer than black raspberries and 
blackberries should be set the farthest apart. These distances may 
vary from three by six feet to four by eight feet depending on 
conditions. 

Subsequent treatment.— The ground should be kept well culti- 
vated and the plants hoed as occasion requires. In young plan- 
tations, if the plants have been set properly, cultivation may be 
given both ways thus reducing the expense of keeping down the 
weeds. The cultivation should be shallow as the roots lie near 
the surface. On heavy clay soils it may sometimes be desirable 
in some seasons to plow early in spring, following with the cul- 
tivator till fruiting time. During the picking of the fruit there 
is little opportunity to cultivate, but the ground should be thoroughly 
stirred as soon as the harvest is over. If desirable a cover crop 
may be sown in late August or early September. 

During the first two years it is not always necessary to give 
the land solely to the berry plants. Potatoes, cabbages, straw- 
berries, etc., are often grown with advantage between the rows so 
that a considerable income from this source may be obtained before 
the berry plants fully occupy the ground. 

Pruning— Summer pruning of red raspberries is not generally 
practiced but may often be done with advantage to black rasp- 
berries and blackberries. It consists in pinching or cutting off 
the tender ends or tips of the new shoots at a height that may 
vary from eighteen inches to twenty-four or even thirty, the black- 
berries usually being pinched somewhat lower than the black 
raspberries. The result of this pruning is the formation of rather 
low stocky plants with numerous lateral branches which will not 
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require a trellis. As the young plants do not all develop at the 
same time it is necessary to go over the plantation several times 
in order to pinch the growth at the proper height. 

The canes growing one summer, bear fruit the next season and 
then die, while new canes develop each year for the succeeding 
year’s crop. Frequently the canes which have fruited are allowed 
to remain until the following spring before removal, but better 
results are usually secured by cutting them out and burning as 
soon as the berry crop is harvested. By this method the insects 
and fungus diseases frequently infesting those canes may be de- 
stroyed, and the young canes have more room to develop. Each 
spring the plants should be gone over, cutting off the weak ends 
of the canes and thinning out some of the smaller ones where the 
growth ‘is too dense. From three to five canes per hill are usually 
preferable to a larger number. 

Winter protection.— The winter protection of the plants is largely 
confined to the colder climates, only those kinds being grown in 
this State commercially that withstand fairly well New York 
conditions. Blackberries are usually much more tender than rasp- 
berries. Winter protection consists in laying down the canes and 
covering them with a thin mulch of straw and earth. 


ee 
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I. CAUSES OF WEARING OUT. 


Old age.— Old age with orchard fruit is a relative term. In 
general, longevity depends upon the fruit, the variety and the 
environment. The profitable bearing age of the several fruits is 
longest in the apple followed in order by the pear, cherry, plum 
and lastly the peach. Some verieties live longer than others. 
Peaches live from fifteen to twenty years; plums, twenty to thirty ; 
cherries, thirty to forty; pears and apples fifty to eighty. Many 
orchards are too old to be worth renovation. 

Climate.— A deleterious change in climate is often assigned as 
a reason for the deterioration of orchards. Records show that 
climate in this region changes but little, though it does swing 
slightly from hot to cold and from wet to dry in cycles of a 
decade or less. Such changes do not greatly affect an apple or a 
pear generation but might shorten and reduce the value of a peach 
generation, The slight changes in climate do not greatly affect 
orchards. _ 

Insects and fungi.— Insects and fungi contribute much to the 
downfall of orchards. They are continually increasing in kinds 
and in individuals. The kinds increase by importation from foreign 
countries and because, as natural food is destroyed by the destruc- 
tion of wild vegetation, pests are driven to cultivated plants. The 
individuals of the innumerable kinds are increasing because orchard 
areas are becoming more closely united and so, as disease spreads 
faster in a city than in the country, pests multiply as their feeding 
grounds become more compact. 3 

Lack of care-—— Many orchards are worn out because they have 
been neglected. It is the exception to find an orchard that has 
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been given the care usually given to other cultivated plants. The 
orchard, too often, is cared for as a whole; consideration is given 
to tree and tree alike, rather than to the individual in accordance 
with particular needs. To keep trees from wearing out requires 
that they be cared for assiduously in many particulars and as in- 
dividuals rather than in mass. ‘Trees respond to good care just 
as corn, potatoes, strawberries or any of the highly tilled crops do. 
Depletion of soil fertility The food account in many orchards 
has been overdrawn. Proofs are: Plant a young tree in the place 
of an old one and it dies or suffers from starvation; well-fed 
orchards are more fruitful, the trees are larger, more vigorous, the 
fruit of better quality, and the trees are longer-lived; feed a worn- 
out orchard and the trees revive and approximate their former vigor. 
Soil exhaustion is the most potent cause of orchard deterioration. 


ae te 


II. RENEWING WORN-OUT ORCHARDS. 


Reduce the number of trees if they stand too thickly.— There 1s 
always a tendency to plant too many trees to the acre, with the 
result that the orchard deteriorates from overcrowding. Usually 
the first step in renovating a worn-out orchard is to cut down a 
part of the trees. Before branches begin to touch, trees should 
be thinned. 

Prune thoroughly.— But few worn-out orchards have been well 
pruned, a condition manifested by unsymmetrical heads, decay- 
ing branches, too many branches and a great growth of water 
sprouts. Such orchards should be pruned to correct the defects 
mentioned; to let in light and air; to facilitate orchard opera- 
tions; and, with an additonal cutting back of some good wood, 
to increase the vigor of the tree. Prune in late winter; make 
the wound as near the tree trunk as possible and parallel with 
it; cover large wounds with lead paint; have an ideal in mind 
as to the shape of the tree desired and prune strong growing 
varieties lightly and weak growing ones severely. 

Drain wet lands.— Many orchards are on soils too wet to grow 
good trees. Such soils should be drained and all wet, sour spots 
so commonly found in old orchards should receive attention. 

Enrich the soil— Nearly all worn-out orchards imperatively 


demand more food. Stable manure or cover crops and potash 
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and phosphoric acid in varying combinations to suit different 
conditions, are the chief essentials for feeding worn-out orchards. 
Some soils require a good liming. Nitrogen is best supplied 
through an occasional cover crop of clovers. Stable manure may 
be needéd to improve the physical conditions of the soil as well 
as to supply food. With the nitrogen supplied with a cover crop, 
an annual dressing of one part each of acid phosphate, ground 
bone and muriate of potash at the rate of from one thousand 
to fifteen hundred pounds per acre should be applied ; these fertilizers 
should be varied in accordance with the soil, kind of fruit, variety, 
and age and vigor of the trees. Apply fertilizers before growth 
starts in the spring and work them in with a cultivator. 

Remove old bark and diseased portions of trunk and limbs.— The 
shaggy bark of old trees harbors injurious insects and fungi and 
often indicates a hidebound condition of the tree. With a short- 
handled hoe scrape off this rough bark. With a draw-shave or 
sharp knife remove all signs of cankers, body blights, gummosis, 
dead spots, borers or other troubles of the wood. Some or all of 
these are to be found in neglected orchards, 

Put im practice a system of spraying.— Follow the above cleans- 
ing process, before buds swell, with a thorough spraying of strong 
copper sulphate—one pound to fifteen gallons of water —to 
‘destroy moss, lichens and fungi. Apply the seasonal sprayings for 
the several fruits. (Consult Bulletins 170 and 243 from this 
Station. ) 

Plow each Spring and cultivate through the growing season.— 
Worn-out orchards are usually in sod, and no matter what the 
system of tillage advocated may be, the breaking up of the sod, 
and subsequent tilling for several seasons must hold first. place 
as a means of renovating old orchards. Turn up the soil, as 
shallow as possible at the first attempt, in the Spring and shake 
it out with the cultivator several times during the season that 
sunlight and air may enter in; that bacteria may live and work; 
that moisture may be conserved; that grass cannot take the cream 
of the land; and that the storehouses of potash and phosphoric 
acid may be unlocked. 

Make yearly use of cover crops—— The soil of worn-out orchards 
is usually in poor physical condition and the most expedient way 
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of improving it is by plowing under cover crops. Cover crops, 
if legumes, also add nitrogen, and all add humus to the soil; rotate 
legumes, grains and cruciferous plants in accordance with the needs 
of the land and of the fruit. Sow cover crops when the trees have 
made the proper season’s growth and plow under the following 
Spring. 

Study the trees, the soil, and the particular conditions of each 
orchard.— No two worn-out orchards have reached the condition 
through the same causes; hence, no two require the same treat- 
ment in renovating. A special study must be made of each par- 
ticular case to determine the treatment needed. 
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YEARLY MAxtMuM AND MINIMUM TEMPERATURES FROM 1883 TO 1906 


INCLUSIVE. 
(Highest and Lowest Record for Each Month in Heavy Type.) 








MAXIMUM FOR EACH YEAR. MINIMUM FOR EACH YEAR. 


Date. Temp. Date. Temp. 
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Rubus argutus. (See Blackberries, leafy-cluster. ) 
cuneifolius. (See Blackberry, sand.) 
idaeus. (See Raspberries, European red.) 
neglectus. (See Raspberries, purple.) 
nigrobaccus. (See blackberries, long-cluster.) 
var. sativus.’ (See Blackberries, short-cluster ) 
x villosus. (See Blackberries, loose-cluster. ) 
occidentalis. (See Raspberries, black.) 
strigosus. (See Raspberries, American red.) 
Peccet croup, Of ApDleS. pest sc aces de Oise eas Selewnasescasge cee e ence 3 eras 
Rust, currant. (See Currant rust.) 
Ryder, E. T., potato spraying experiment by..........-..-esee eee e sees 132 
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